b O25X1A

Yot b
a et -0

oty

1G4 AF TEETING THT
HE @IAE-NG OF THE

Sl R UNE 'v“‘l UATED |
F"\./ «(\(.‘1_

fite with 034 ars tvoe coples of
Bo 8. dobed 1&*@,, pudliched by o

B thanobiouea
6L Fgedin.  Oa an
the Hethatmbion Lrpae
Homenle. . . . . oo
¥ Hiemyteki  hes avebames
A Hordan, a bhe
%4 Shanin.  On Intoves Mﬂ cn f :
of Popological. eua. s - T

73

s

o

Treorie Do % Fiawsi iie

oYoL ail,»vn A Gepsreldica cion
Dispiccearnts o the Hop-hao
Phoory of Shells

m’i of Comploo
of She

o
=3
=

Phyelove
#I Eztany, Bifsan of ¢
sf the Caybon $

B¥ EBochbers. o
Byenldown §

Prysioen Dy Globe
48 Stockmany. A Vengihive X 3
Feloeitior of %ie Brade Wionde in Zos norisl 1’&1“%
* i the Pagific . coe . . -

EARPEN

ivva Appld quea
Stan Hﬁmi heh. Wx'zi'i‘i"‘-
rredncte Mx tha [+ ]

rivz of Dabors
Beoyviosives. . . . 318

Lasuilodie
18 Fruk, Cod ros:

feir $he Seintion

+
3

v
i
i
J

. ; NEFERENCE CENTER LBRAR,
| Approv;ed For Release &)E§IIJ$LCLEADRDPSO-00926AOOOZOOO1 00721




DL, - ) -

;:"E
et )
= - E 3 . . . " - 3
* © 7 Approved For Rel%%'%ﬁggwI:CTEBDPBO'OOQZGAOOOZOOM0072'1 .
vl - 2. 25X1A
[ ’ L *,
e o~
Cae L/l
4 Chimle ; - %,
"A A Petrov. Conlentation nf Biens iyivccarbore vith Betyncze . . . EEY '
Coimie Im Globe L
LV Pels. Variaision in Deuteriw: Comcentra’icn in the Process of B
H&l‘:ﬁin.g q! Iaﬂ L S S e & & & 9 8 ¢ m & & ¢ s & 8 8 & & e € 2 509

Chimle Biologigue
i A Bosanova. Daily Varimtion in tho Accumulstion of Aseortlc Acid by
Losves and Frulis of Active and Innctive Species of Wild Boges . . . & 832
A G Poshchevikeva. Protatnaze in Plants as Af7ected by Biogenic ,
SEATOLENTE . o+ 6 o . s s s s a w e e e s e et e e e e e e o0 OO

Chimie Agricols 3 ,
M.1 Enlinkevick. On the Role of Phoaphoric Acid in the Accumila’ion oF
Zagantlal Oils in the Lenves of Ocimus canul « o » o o « o s o = o« ° 0 541

Goologia : ) ‘ o
¥ V Butzura. The post-Pleistocens Age of tze Fest Carpathirma . o « o« 645

Hinsralogis - ,
D 5 Belisnkin, Mewber of the Acsderny, ¥ V Lopin end 4 F Simsnov. Ou )
Calcareous Hezealuminate from Zestafoni (Beorplal). o o « + o v -« o o ¢ 549
Petrographie . .
¥ A Ignatiev nrd A M Euzaetzov. On the Compeaition and Properiius of |
YL S T I A 552
” Panleontologie P o
S Hosovskaye. (n the Gemas Hemifusulina Meellsr. » o o o o o o o 0w o o o 357
Gonetique ;

I ¥ Volotov. The Effect of Pelyploidy upon the Tapetum im Feppy. . - - « 361

Ecologie ;
A & Nalyshev. Crop Plante under Extrems Conditions of High Altitudes .
of the North Ceucasus and the Porth-Fast Altal . . o o o ¢ v« o o « o = 368

Gytologle )
G V Eherlove. Observations or the Nueclsus at interkinesle. . . . - . . o« 568
tiierobiologie )
M 5 Meissel and N P Trofimove. On ths Utildizasion of Volatlile Bloecately-
tic Substeonces by Microorganiema . . 4 - ¢ s 0 e o e s . o« o« 0 0 o8 e @ o0 572
Horphologie Experimentala o
T Dettleff. On the (Question ce vo the Existencs of the "Nerve" Layar of N
4he BOLOABEm « o o » o o « o v + c n 4 6w s s e e w s e e w2 s a e DVF

~and-

Approved For Release Z&EISJ;gI:QIE-DDPSO-OOMGAOOOZOOM0072-1

s g




25X1A

* « Approved For Release 2002/07/29 : C|A-RDP80-00926AO0Q20001QQJZ-1
AT =

COMPTES RENDUS
(DOKLADY)

DE LACADEMIE DES SCIENCES DE LURSS

25X1A

NOUVELLE SERIE 25X1A

1946

VOLUME LIl
Ne 6

EDITION DE L'ACADEMIE DES SCIENCES DE L'URSS
: MOSCOU

Approved For Release 2002/07/29 : CIA-RDP80-00926A000200010072-1



Approved For Release 2002/07/29 : CIA-RDP80-00926A00020001007 251

AVIS AUX AUTEURS

l.es «Comptes Rendus (Dokiadyv) de 1’Académic des Sciences de |’URSS» pa-
ratssent tous les dix jours. Neuf numéros composent un volume pourva d'une table
des matiéres. H y a quatre valumes par année.

Les «Comptes Rendus de i'Académie des Sciences de I'URSS» en de courtes
communications précisent I'essentie! des travaux en préparation. Ces articles, ne dé-
pa<can® pas en régle générale quatre pages, sont donnés en anglais ou en frangais.
IIs embrassent les sciences mathématiaues, pitysiques. naturelles et appliquées, mettant
aun jour les résnjtats de recherches scientifiques en cours ou qui viennent d’étre
achievéss, et représentant ainsi les plus récentes données de I'investigation scientitique.

I’antenr a droit & 100 exemplaires de son article. :

Adressez les manuscrits a2 la Rédaction des «Comptes Rendus». Moscou, Wol:
kbonkas. 14,

Approved For Release 2002/07/29 : CIA-RDP80-00926A000200010072-1

——— &



Approved For Release 2002/07/29 : CIA-RDP80-00926A000200010072-1.
| S 30 Aote

‘COMPTES RENDUS
(DOKLADY) |
“DE L’ACADEMIE DES SC‘IENCES DE L’URSS

COMITE DE REDACTION

D. Beliankin, de 1’Académie, V. Chlopin, de 1'Académie, A. Frumkin,

de 1’Académie, A. Kolmogoroft, de 1’Académie {vice rédacteur), L. Orbeli,

de 1'Académie (vice rédacteur), A. Richter, de PAcadémie, V. Rodionov, de

I’Académie, 8. Soboletf, de I’Académie, 8. Yavilov, de 1'Académie
: ) (rédacteur en chef) :

'NOUVELLE SERIE

14-me année
Paraissant tous les dix jours

1946

VOLUME LI, Nz 6

TABLE DES MATIERES

_Pages
MATHEMATIQUES
G. I. Bgudin, On an Effective Method of Calculation of the Mathema-
tical Expectations of Central Sample Moments . . . .. . . . . . 487
V. Niemytzki. Les systémes dynamiques généraux . . . . . . . .. . 491
A. Norden. On the Invariants of Conjugated Nets. . . o . . . . . . . 495
N. A. Shanin. On Intersection of Open Subsets in the Product_of Topo-
logical Spaces . . .. .. Te e T e oL, o« e Cee 4. 499

THEORIE DE I'ELASTICITE

V. V. Novozhilov, A Generalization of the Method of Complex Displa-
cements to the Non-homogeneous Problem of the Theory of Shells . 503

PHYSIQUE
M. I. Batuev. Effect of the Hydrogen Bond on the Frequencies of the

Carbonyl Grouping in the Fatty Aéids . . . .. .. .. .. ... 507
B. M. Hochberg and E. J, Sandberg. Ionization of Gases and their
Breakdown Strength . . .., . . ... . ... ... o e e e e e 51¢

PHYSIQUE DU GLORE

W. B. Stockmann. A Tentative Indirect Determination of the Veloci-
ties of the Trade Winds in the Equatorial Part of the Pacific . . 515

Approved For Release 2002/07/29 : CIA-RDP80-00926A000200010072-1



Approved For Release 2002/07/29 : CIA-RDP80-00926A000200010072-] -

PHYSIQUE APPLIQUEE

Aix

CHI1nrTE

A, A, }'et}'ovi.i Condensaijon of Diene Hydrocarbuns with Buiynone . .
CHIMIE DU GLOBE

R. V. Teis. Variation in Deulerium Concentration in the Process of
Melting of Jce . . . . . . e e e s e e e

GoORek 0 LA L adr i
cIMiE BrotocYQUE
. v . . ’,i‘r K BYTTONE o BT T oY N v
ﬁ‘.’ .A%. ﬁsé}uvi’! D’aﬁy *\’a;’i’a(i’o’x‘; 3’[: {he A(-cum';h"’fipn 0‘{ As::o‘r%; jycijd

L4

L L

12 Leaves and Fruits of Acifve and Inaclive Species of Wild
OBES « « " 4 e 2 v o = v 4 2 4 s 8 s a2 o= = e 2 4 " v s " e 4 e w
A. G. Toshchevikova. Proteinase in Planis as Affected by Biogenic

Stimulants + . . .« o e e e e e e e,

CHIMIE AGRICOLE

M. I..Kaliokevich. On the Rbté of Pﬁo.;r;hnri(: Acid in the Accumula-
tion of Essential Oils in the Lcaves of Ocimum canum

GEOLOGIE
V. V. Butzura. The post-Pleistocene Age of the Fast Carpathians . . .
MINERALOGIE

D. S. Beliankin, Mewmber of the Aeademy, Y. Y. Lapin and J. P. Sima-
nov. On Calcarecus Hexaaluminate from Zestafoni {Georgia) . . .

PETROGRAPHIE

N. A. Ignatiev and A, M. Kuzpetzov. On the Composition and Proper-

ties of «Vapsn o4 . - L. e e o e e e e e e e e e e e
PALEONXTOLOGIE
S. Rosovskaya. On the Genus Hemifusulina Moeller. - . . . .. .
GENETIQUE

E. X. Volotev. The BHect of Polyploidy upon the Tapetum in Poppy

ECOLOGIE

A. A. Malyshev. Crop Plants under Extreme Conditions of ITigh Alti-
tudes of the North Caucasus and the North-£ast Altai

......

CYTOLOGIE -
6. V. Khurlova. Observations on the Nucleus at Interkinesis . . . . .

MICROBIOLOGIE ‘
M. N. Mclssel and N, P. Trollmova. On the Utilization of Volatile
Biocatalytic Substances by Microorganisms « « « ¢ o o 2« - .-
MORPHOLOGIE EXPERIMENTALE

T, Dettiaff. On the Question 2s to the ¥xislence of the «Nerves Layer
of the Betoderm . . . . - . . - R T

Traductions rédiges par D. Rakhmanov et T. Rogalina

527

529

533
537

503

D63

569

Tdition de 1'Acndimic des Sciences de I'URSS
Moscou 1946

Approved For Release 2002/07/29 : CIA-RDP80-00926A000200010072-1

ILLEGIB



Approved For Release 2002/07/29 : CIA-RDP80-00926A000200010072-1

Comptes Rendus (Doklady) de 1’Académie des Sciences de 1’URSS
1946. Volume LIII, N2 6 C

C MATHEMATICS

ON AN EFFECTIVE METHOD OF CALCULATION
OF THE MATHEMATICAL EXPECTATIONS OF CENTRAL
SAMPLE MOMENTS

"By &. I. EGUDIN ‘
(Communicated by A. N. Kolmogoroff, Member of the Academy, 11. IV. 1946)

We give a uniform operational method of successive calculation, for
various 7, of the mathematical expectations of central sample moments
r (r=1,2,...), defined for repeated random samples of finite size n
from an arbitrary universe. Such a mathematical expectation can be
expressed directly . through the parameters of the universe from which
the samples are drawn. The resulls obtained cnable us, moreover, to
establish directly some properties of the central sample moments under

more general conditions than those sot up till now.
Let () be the integral probability law of a random variable in
. o .

the universe. Suppose the integral Sx”dﬁ'(x) exist for all desired posi-

tive integral values of r, and lot m, and m, he the initial moments of
the universe and the initial moments of the sample (*), respectively. It
Is easy to se¢ that the central moment of the universe

pr=\ @—m,y ar @)

can be represented in the form
’ r

Py = E Cy m,_yml (— 1) 1)
=0
The central sample moment, consequently, is
T
pr= X, Chm, il (— 1) 2
h=0

Yor repeated random samples we casily obtain with the use of for-
mula (12) of our note (%)
. . ﬂ B
) E (nzlc mgl?) Y 04 (”Z’z ! m]c) ) (3)
where the differential operator O satisfics, besides usual rules of diffe-

rentiation, the condition O(m,‘i)za,mc,’flmhu; we must put m,=1 after
the operator is applied.

Consequently,
T
E (p) = X CL L 0" (-1, ) (— 1) &y
h=0
487
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+ . i Leibnitz’s formula, changing the order of summation and
applying the equality

3 i (= 1)t = €l (AT (— ®

hei
we put (4) in the form

E (3,) = 5 3 Ch{n—1)""2 07" (my) 0" (m3™) (— )" ()
he0

It is now almost evident that this can be represented in the form

ie » E K _“ Aot :

E@)= b ormaM?) )
where & is a differential operator satisfying the usual rules of diiferen-
tiating sums and products; as to m and M they behave differently with
respect to &:

o U) =0 U)], C(m)=x(r—Nmy,. QM =—aME My
After applying the operator 2 it is necessary to put m,=1, M;=my.

The expression of E(g;-,) through m can be obtained easily (in compari-
son with all the methods used) by repeated application of formula (7).
By putting m,=0 and m,=p; (for k> 1) in the formulae so obtained,

we get the expression of E (s,) through p.

Formulae expressing F (u,) through the parameters of the universe p
and m for some concrete values of r have been given more than once
by a number of authors, and the correct results coincide with those
obtained by using formula (7)*.

Lack of uniform algorithins, the cumbersomo nature of the numeri-
cal methods employed, and the fact that the computations greatly
increasc in amount and become involved with increase of r, have led
to an unusually large number of errors even in the works of skil-
ful mathematicians.

By the cumulant of the universe we shall mean the quantities intro-
duced first by Thiele(")**

N d:l_n;(t)]
R P
o

where 9 (1) = S ¢t dF (z) is the characteristic function of the variable.

. —co
We sce that m,=¢M(0), that is, the initial moment m, is expressed
through the cumulant by the operational formula m,=0" (U), where
the differential operater O satisfies the additional conditions

OWy=Uk, O@N=0%"tus1,

and after the operator is applied, it is nccessary to put U=1. By an
argument analogous to that expounded above we can establish the ope-
rational formula for successive expression of the mathematical expecta-

+ See the list of the resulis, for instance, in {4).

*# Thiele calls them semi-invariants. Mostof the authors use the same term, bui as
follows from our note (7, the term is uns3tisfactory: being invariant under iransiations
of the origin, the cumulants, together with centra} moments and p parameters introduced
in ('), ar> particular casns ol a wide class of semi-inyariant quantities.The lerin sctin-
lants is due to Fisher (3), who cmploys it along with the old term.

488
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tions of central sample moments of various orders (for repeated samples)
" through the cumulants of the universe

E(@p)=52W) : ®)

The special conditions imposed here on the differential operator @

are as follows
Qw)y=m—1) (,—A)w
RO =a@—D N, LA =—adl ' AL,

After the operator is applied it is necessary to put

. w= 1, Ak = )\IC

Using the above results it is easy to deduce a number of asymptotic -
formulae for the mathematical e pectations of central sample moments
defined for repeated samples of size m as n tends to infinity. Since
O™ (my) =m,_, and OM(m'5Y) = (n—1) (n—2) ... (n—h) m" + terms of lower
degree in n, (6) and (1) imply

7 (n—1)(n—2) ... (n—h)

.
lim £ (p) =1im Y ¢t {7=1
lim £ (p.,) nggz ’

n' x
h=0
r
X My g (— )t = E Crm,_ymy (— ) =p, ®)
h=10
From (4) follows
: T r
ph= X, Ch X Chmy g my_ it (— 4y (10)
he=0  i=0
In the same way as (3) one can obtain
. Ta . 1 e -
E (my mymi) = 235, 0 [(n—1) m5™ mymy -+ mg™ my ] (11)
Consequently,
r T
2 1 ¥ R—2
E@)=2C Y Clt - 0 (n—t) mim, ym, ; +
he0  i=0
+ mﬁ” Mor—n- i] ("—1)’1” (12)

For lim E (iui) only the terms containing the highest degrees of n are

n
essential, They evidently form but a part of summands of the form
(=1 O"! (mg™) m, y m,_; = (n—1) (n—2). .. (2—2—h—i) mP+im, ,m,_;+
-+ terms of lower degree in n. :
Hence passing to the limit in (12), we obtain

_ r r
i 02y k i pyhtd =t -
lim £ (5)— 3, €4 3 Cimitim, ym, ;= p? (13)
he=0 i=0 N
. In conclusion two remarks are nccessary:

1) Formula (42) can be used immediately for calculation of the ma-
thematical expectations of the squares of central sample moments of
various orders, provided the size of the repeated samples is finite,” The
calculations are not too difficult when r is not very large. Together
with formula (7), this enables us to find E (s,)—[E (yl,,)]z, the dispersion
of the central sample moments, which is rather important for the sta-
tistics both from the practical and theoretical viewpoint. When »n is
sufficiently large and we can restrict ourselves to the terms of the order

489
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n't, w7, ..., we can determine the corresponding highest lerms (with
respect to n) in (12) by a method similar to that used for (13). ‘

2) Unlike other proofs, such ag that. based on the so-called Mieses's
law of large numbers, our direct deduction (for any r) of formulae (9)
and (13), which chdrqn,tcrlzo the stability of central sample moments,
does not nced the existence of the probabilities p; =P (X =1z,) of every
pos~1h]e value of the random variable. We reqmre only the existence

of \L“df' (z) foo all the desired values of &, which takes place when

the mndltlons imposed on F arc far more general than thosc necessary
for the existence of the probabilities p,.

Receiyed
$1. IV.1046.
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' 1946. Volume LIIT, N: 6 '

MATHEMATIQUES

LES SYSTEMES DYNAMIQUES GENERAUX
Par V. NIENYDZKE
(Pr'ésehté par A. N. Kolmogoroff, de U Académie, le 21. II1. 1946)

1. Dans la dernitre dizaine d’années les savants américains Zippin et
Montgomery (!) ont étudié la théorie des groupes des transformationts
topologiques des espaces’ topologiques en eux-mémes. ‘D’dilleurs; ils "ont
presque toujours considéré le cas ou le groupe G donné est un groupe topo-
logique compact, et 1’espace donné M ést une multiplicité 3 n'dimehsidns.

Dans une Noterécefite(?) Barbachine a indiqué la possibilité d’appliquer
cette théoried la généralisation dé la notion dé systdmeé dynamique abstrait
de Birkhoff. D ailleurs, il est certainement nécessaire de rejeter I’hypothese
que le groupe est compact et de la remplacer par une cohdition moins restric-
tive. Barbachine au lieu d’imposer des restrictions' t’dp’ol(jgiq’ulés"ﬁy;éﬁd"ppur
axiome que le groupe doit étre partiellement ‘ordonné. Dans s& Hypothéses
on peut obtenir des analogies profondés avec 1a'thédrié de Birkhoff.

La présente Note & pour but'de montrer qu’en imposant ai ‘groupe une
restriction topologique naturelle, & savoir en exigeant qu’il soit localement
compact, nous pouvons non seulement transporter dans cé domaine général
lés théorémes indiqués de Barbachine, maijs ohtenir encore une série'de
résultlits’ purement topologiques qui caractérisent la disposition des «orbi-
tes» dan§ "1%espace M. R

J’ai indiqué la possibilité de construire une théorie de cetle nature
dans une conférence qui‘a eu [ieu au cours der «conférences dédifes a
Lomonosovy en 1945 et au cours d’un séminaire sous ma direction qui
a eu lieu en automne de 1945.

2. Introduisons une définition. Soit G un groupe topologique et M
un espace topologique. En suivant Zippin (°) nous dirons que G est un
groupe effectif de transformations M, si les conditions suivantes sont
‘remplies:

4°. Chaque élément g€G est un homéomorphisme g(z) de ’espace
M en lui-méme, - ' '

2°. 81 Von considére g(z) comme une fonction de g cb de x, clle est
continué par rapport & Uensemble des variables. °

3°.0'51 g, €G et g,€G, alors pour Lous les x on a g, [g, ()] = (g.8,) (x).

' 1

4°. L’unit€é du groupe est le seul élément du groupe G te que
£ (x)=2x pour tous fes TEM. ‘

Définition. Un groupe localement compact G de transformations
d’un "espace métrique complet M séra nommé systéme dynamique général.
Soit x€ M, alors I’ensemble des points E, = {(y—=g(x)}, ot g est un élé-
ment arbitraire du groupe G, sera dit «orbite» du point z, ou bien
«ensemble orbitaly. '

Comme G esl localemenl compact, on peut trouver une suite dénom-
brable d’ensembles compacts W,, W,, W,, ..., W,, ... jouissant des
propriétés ‘suivantes: : :

491
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1°, W, contient e* pour chaque valeur de i.
20, Wli!DW(; WHJ""‘WI n’est pas vide.
o

3. P Wi=6G.
i=1

4°. Chaque sous-ensemble compact de G ne posstéde des points com-
muns qu’avec un nombre fini d’ensecmbles W,. La suite ainsi construite
sera nommés suite épuisante.

Pour rapprocher notrec théorie avec les résultats de Barbachine (*)
remarquons que le groupe G peut é&tre partiellement ordonné d’unc
maniére trés naturelle.

N Nc;n;c dirons qu’un élément g, suit un élément g, si g, CW,, g,€W,,
ol ! .

Définition. Un ensemble Q. (C R serg dit ensemble de points
limites dynamiques pour unc orbite E,, si pour chaque y€9Q, il existe
une suite divergente (n’ayant aucun point limite) d’éléments g,, g,, ...

.-, &n ... du groupe G telle que lim g (2)=y.
N—+c0

_Chaque série ® ou o de Barbachine (*) est une suite divergente pour
notre mode d’ordonner particllement. Inversement, si gy, g5, -+» &ns - -+
est une suite divergente, on peut extraire de ghacune de ces suites
partielles une série o. Cela étant, on peut dire que le théoréme 1
est une conséquence du théoréme 4 de Barbachine **.

Théoréme 1. L’ensembdle Q, est formé d’eorbitess des points qui
le composent,

Ensuite les théorémes suivants ont lieu.

. Théoréme 2. Les ensembles orbitauz sont situés dans lUespace R
d’une maniére continue, ce gui veut dire gue

10, Ils n’ont pas de points communs.

2°. 8i peE,, ok E, est la fermeture de I’ensemble orbital du point q,
ona E,CE,.

3°. St la suite p,. py, .-+, Pn, ... tend vers p, on a E,C Wt E,,,
o' 1t Ey, est la limite topologique inférieure des ensembles orbitduz’{E; HOB

Pour prolonger la construction de la théorie il faut démontrer le
lemme suivant:

Lemme. S§i l’ensemble orbital E, du point p n'est pas un ensemble
fermé, on a

Q=E,—E,

1.a démonstration du lemme est presque la méme que dans la théorie
ordinaire des systémes dynamiques.

Définition. Un point p€ M est dit stable au sens de Poisson si
W, -E,+0 et E,—E,+0. ]

Théoréme 3. Si p est stable au sens de Poisson, dans chaque volsi-
nage d’un point yC E, il existe des points qui n’appartiennent pas a E, .

Démonstration. Tout d’abord il suit du théoréme 2 que V'on
a yCE,CQ,. Soit W,, W,, ..., W,, ... une suite épuisante. Considé-
rons les ensembles K,, K,, ..., K,, ... ot K,=f(p, W,) est I’ensemble
des images du point p dans les transformations qui forment W,. Comme

ZW,,zg, on a ZK,,:E,,, ct d’ailleurs les K, sont des ensembles

Ty Nead . . e .
compacts de l’espace M. Soit maintenant ¢ >0 un nombre positif aussi

petit que 1'on veut.

* On désigne par ¢ 1'unité dans C. .
*+ Tous les théordmes énoncés ici peuvent &tre démonirés sans faire 1’hypothése que
le groupe esi particllement ordonné e! sans recourir 4 'a Not de Barbachine.
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Prenons d’abofd dans le groupe G un élément g,, tel que
1°, gn,CG—W,, alors p, =g, ,(p) n’appartient pas a K

2° o(pn, y) <ee.
Prenons maintenant e,

» 1 i v
g, < min {%; e—p (Y, Pny); 3z 9(pn1’!:K)}

Supposons que l’on a déjd choisi les éléments 8nes "G, Pug ,C M
et le nombre ¢,_,. Prenons maintenant un 8n, de telle maniére que ’on ait.

1% g, CG—W_,. ’

2°. Py = gn,(P) S (Pryys Esy)-

Un tel choix est possible puisque Pre1 C 2.

En vertu du choix de g,, on a ¢(p,,, Ky ) 0.

Posons maintenant

. 5 1 '
o <nin {525 i Pryss Po)i 50 (s )} -

Prolongeons ce procédé indéfiniment. ,

Nous obtenons ainsi une suite pn;, py,, ..., Pnrgs -+ . vérifiant le cri-
tere de Cauchy, donc M é&tant complet, cette suite est convergente.
Si py=1lim p,, on a p,CCQ,, p(p,, y) <e.

Ce point n’appartient pas & £, ainsi qu’il résulte de sa construction.

Il est facile de voir que les points stables au sens de Poisson sont
aussi stables au sens de Barbachine (*) quand on admet notre mode d’or-
donner partiellement; donc, si M est compact, le théoréme intéressant
de Barbachine sur le centre subsiste pour les systémes dynamiques géné-
raux. Les autres théorémes sur la famille des trajectoires stables au sens
de Poisson se démontrent comme dans la théorie ordinaire des systémes.
dynamiques.

3.Définition. Un point p est nommé récurrent si pour chaque
¢ >0 on peut trouver un ensemble compact W d’éléments du groupe G
contenant 1’unité du groupe et tel que pour chaque point g €E, Pensemble
f(q, W), c’est-a-dire 1’ensemble des images du point ¢, dans toutes les
transformations formant W, approche tout 1’ensemble E, & e prés, c’est-
a-dire, pour chaque point rek, il existe un gEW tel que p(g(q), r)<=.

On aurait pu montrer que la propriété de récurrence indiquée dans
cette définition est une propriété caractéristique pour les points récur-
rents au sens de Barbachine, donc dans le cas o Jf est compact les théo-
rémes de Barbachine s’appliquent aux systémes dynamiques généraux.
Cependant nous donnerons, en qualité d’exemple, une démonstration indé-
pendante* de 1’un de ces théorémes.

Théoréme 4. Si N est formé d’orbites entiéres, s’tl est compact,
Jermé et D’orbite de chacun de ses points est partout dense, alors tous ses
points sont récurrents,

Soit W,, Wy, ..., W,, ... unc suite épuisante d’ensembles compacts,
et soit, contrairement 3 1’hypothése, réM un point non réeurrent.
I1 existe alors un e > 0 tel que pour chaque ensemble compact WCG
contenant, I'unité du groupe il existe un point g€E, tel que f(q, W)
n’approche pas E, & ¢ prés. Prenons en qualité d’ensembles compacts W
les ensembles W,, W,, ..., W, ... \

Nous aurons deux suites de points de 1’orbite £,

91y 925 «vvy Gn, -.. et ry, Payeves py oos

* Les démonstrations de Barbachine ne sont as encore publides.
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tels que ¢(rn, f(gn, W,)) -z, Suppesons que rp—-r et g,—>¢. Nous
démontrons - qae {r, E )= :, ce qui contredit i hypothise que les E,
sunt partout denses dans 9f. ) o

On démontre le théoréme inverse comme dans la théorie ordinaire de
la stabilité des systémes, o .

4. Comme excmple naturel de la théoric considérée on peut prendre
lJa famille des solutions du systéme. d’équations de Pfaff, pourvu que
les conditions d’intégrabilité soient remplies.

Mamserit regu
Te 21, III. 1946,

LITTERATURE CITEE
'PD. Montgomery and L. 7Zippiu, Duke Math ng;m,,}, 138, p. 364:
Arnn. of Math., 4!% 778 (1940); D. Montgo mery, ibid,, 44,322 (1945). YE.Dar-

bachine, . R. Acad. Sci. UILSS, 51, No. 1 (§946). *> L. Zipypin, I;ectures
in Topology, p. 191, 1941, ¢ F. Hausdortf, Mengenlchre, 2. Aufl., 8. 146,

494
Approved For Release 2002/07/29 : CIA-RDP80-00926A000200010072-1



+ Approved For Release 2002/07/29 : CIA-RDP80-00926A000200010072-1

Comptes Rendys (Doklady) de I’Académie des Scipnces de I'URSS
' 1946. Volume LIII, N: 6 '

MATHEMATICS

ON THE INVARIANTS OF CONJUGATED NETS
| By A. NORDEN |
{Communicated by A. N. Kolmogorcff, Member of the Academy, 5. VII. 1946)
If a surface of a three-dimensional projective space with points
z*=z"(u', u® (1)

is normalized, then at every of its points is defined a straight line
z2%, Xe, and in the tangential plane &,—the line of its intersection with

the plane E,. Defining the first of them by the planes

Nai = OiEa—)~iE; ® (2)
containing it, and the éeopnd by the two points
Y= da—lat (3)
and forming the equations
O yi—gij Y= i+ pij " + by " (4)
0 Nai—1Gj "ok = X Tt 17 M+ by o (5

we define the inner geometries of the normalized surface with symmetri-
cal connexion coefficients gf; and 17;, respectively M., T

Every covariant vectors z; and r; define straight lines, one of which
lies in the plane . and passes through the points

zi = yi 4 ¢; 2 (6)
and the other, passing through the point z°, lies in the intersection of
the planes ,

: Eai == Nag + Ti Ea (7)
If the normalizing straight lines are changed, the inner geometries,
the tensors p;, m;;, as well as the tensors ¢; and t; defining the straight
lines invariantly connected with the surface, undergo certain transfor-
mations. ‘ .
Suppose that a conjugated net is defined by the equation

aij du? dui =0 (8)

«Djenobeﬂbygivf the tensor reciprocal to the tensor a;; of the net; by ¥,

the bivector determined by the condition.s”“eﬂukl=a~"f; by e, the bivee-
tor determined by the condition ekey; =3;. Consider now the tensors

1 . 1 . .
Pij= T Wi+ Viti—tt), ;= Y (mii+ Vit — 1) )

* Luthe sequel we suppose that the Latin iudices assume the values 1,2 and the Greek
ones, the values 1, 2, 3, 4
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assuming that the covariunt differentiation in their expression is carried
out with respect to the connexion of the first and second kind, respectively. -
In this case the quantitics

aiPy, Py, aylly, eylly (10

will be invariants of the change of normalization. We shall say that the
weight of these invariants is equal to —1, since they are multiplied
by »7* when the tensor ai; is rcplaced by the tensor }aij.

In order to obtain invariant expressions connected only with the choice
of the conjugated net, we may assume that the straight lines determined
by the vectors ¢, and <; coincide with Green’s ray and axis of this net *.-
The latter of these assertions will hold if

ty=4 3 Viaj— Veau) (1)

and the <, are expressed similarly under condition of covariant differen-
tiation with respeet to the geometry of the second kind, i. e. if 2, <
are Tchebyshev tensors of the first and second kind of the net 8 (*)-
Under this condition the bilincar forms H, du*tu!, v, du*tu!

Hkl = Z"Prs a, + a”’P" £l (I)
= @, gy + o712y (1D

.

are invariants of weight zero with respect to the change of normalization.
If we denote by u, v such curvilinear coordinates in which the equa-
tion (8) has the form a,,dudv=0, then the forms (I) and (ID) will take
the following shape »
Hy dn*tu' = kdulv4 hindv (12)

v dutdul =« du v+ ¢ u dv (13)
where k and k are point invarianis, and » and y tangential invariants

of Laplace-Darbeaux of the given conjugated net.
Consider the invariant forms

Hyndu* su' = (H—H ) du? 8a' = (k — h) (du fv—3u dv) (110)
yixny Yt Bt = (Y —Yn) dut 8u' = (x — ) (du fv—Bu dv) (V)
Qudukiul = (ypy—Hqy) dukdu! = 2(y +n—h—k)dudv (V)

It is possible to find more convenient expressions for the coefficients
of these forms, if we take into consideration the vector

€?1=Ti—‘t+Tr=?1—ti ’ (14)
where #;, and t; are still Tchebyshev tensors of the conjugated net,
T ==(T*,—G*%) is equal to the Tchebyshev tensor of the first kind of the

asymptotical net
b”du‘ duf = b“d:c dy =0 (15)

and determines the situation of the polar of the normalizing straight
line of the first kind with respect to the tangential surface of 5. Lie,

and %, is the Tchebyshev temsor of the first kind of the conjugated net.

ayduidui =0 (16}
which is apolar to the given one, i. e. satisfics the condition
a'ay=0 17
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Introducing the projective linear element of the surface (%)

ds— bdutdutdu’ ' (18)
bapdu“a'u@
we may show that
o =T Vb, ®9)

whence follows that the vector ¢; is not only an absolute invariant of
the change of normalization, but is also preservéfl under a projective
bending of the surface, if it admits of such a bending. The vector,

§; = eir";m?s (20)

possesses evidently the same properties. i

Consider besides the Riemannian metric with the linear element
ds® = byduidul, where by is the tensor of the asymptotical net with an
arbitrary norming, and let us find the Tchebyshev tensor §; of the conju-
gated net with respect to the same metric. The expressions

O =e"00,; T=e7d 0, 0=2e9, (21)
~ will be all invariants of the change of normalization and remain unchan-

ged under a projective deformation. The coefficients of the forms (1II), (IV)
and (V) are expressed through them in the following form

Hyg =L—21- [6 —D] exas X[m]=-;- [0 + D enry L=¥au (22)

whence follows also their invariance under a projective deformation. If
“the asymptotical lines are taken for the parametric lines and z = const,
2 =const, the projective element of the surface has the form

st gt
and the conjugated net is defined by the equation
. etdz® +e*dy* =0 (23)
then
=270, Q=0 () —0: ("), T=0:(cr)+ 0y B (24)
The condition

O16=0 (25)
characterizes the net of equal point invariants; the condition
©—0=0 (26)
the net of equal tangential invariants; the condition
6=0 @7

the isometrically asymptotical net, and they all are satisfied for the
so-called Jonas’ nets which exist on surfaces of a special kind characte-
rized in special asymptotical parameters by the condition

0y|0y = 0BJox (28)

The condition
‘~ ¥ =0 (29)
characterizes the nets which shall be called stratifying. In order that
a net should be stratifying it is necessary and sufficient that its axes
and Green’s rays should form a pair of congruences stratifiable in the

direction of the ray. The invariants of Laplace-Darbeaux of such a net
stand in the relation A-}k =y +x.
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On every surface there are infinitely many stratifying nets and in
the asymptotic coordinates they are expressed by the equation (23) under
the condition

¥ ¢ .
52 () = (78) =0 (30

(337
If the conditions (27) and (29) are satisfied simultancously, we have a
net A which is thus a stratifying isometrically conjugated net. On a
surface of the second order every conjugated net is stratifying. A net
satisfying the condition
=0 31

is characterized by the property that if its equation has the form (23),
then the net
e~¥pldr’ —e*y'dy’ - 0 (32)

witl be stratifying. In an arBitrary system of ccordinates the tensor of
the net (32) has the following torm

Cyj = bijk "-“‘?1 (33)
On Jonas® surface characterized by the condition (28) the net
gidr’ —ytdy* =0 (3%)

will be stratifying.

1f a surface in the luclidean space is normalized by means of its
usual normal and the infinitely removed straight line of the tangentiial
plane, then the geometry of thie first kind coineides with the inner
geometry of the surface in the sense of Gauss(’), and the geometry of
the second kind, with the geomelry determined by the linear clement of
the spherical representalion de*-=cjduidn/, aml the cocfficients of the
invariant forms (1) and (II) assume the form

i~
]!kl = B [!1' : (Yltr‘_' tr!s) Ay + 3nvstr"‘k!]
e . - s
YA 2 [a * (vst(r)" "r-'s‘_crx) A -+ ‘mvs ‘r‘l;l]

In this case

gk
Vi © il (35)
o

where & is the Gaussian curvature of the surface, and

O LT (36)

i T
2
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MATHENATICS

: DT BT R R T pi3 Y iEe wali L u RS ATIRET SN W A A
ON INTERSECTION OF OPEN SUBSETS IN THE PRODUCT
: OF TOPOLOGICAL SPACES
By N. A. SHANIN

(Communicated by A. N. Kolmogoroff, Member of the Academy, 14. IT. 1946)
- § 2. General Remarks. In the present note the terminology and
notations of () are used. ! o o
_Topological space will be called simply 7-space. In general, only

the following conditions will be imposed on the T-space: the sum of
“any systéem and the intersection of a finite number of open sels are open
sets, the space itself and the void set are open sets. The minimum of
the powers of. open bases in a 7-space R will be called weight of the
T-space R. The minimum of the powers of the dense subsets of a T-space
R is called pscudo-weight. 9 will denote the function which with
every T-space R associates its weight p(R); g will denote the function
which associates with every T-space R its pseudo-weight ¢(R). Note
that q(R) < p (RB) for every T-space R.

.Let X be a function defined on a set E, which associates with every

element £€E a set X (§). The product of all the sets X (§) (i. e. the set
of all functions z defined on E such that z(§)€ X (£) for every E€E) will
be denoted by X=. If all the values of the function X are identical,
X ()= R for every E€E; the product X¥ will also be denoted by RE
(¢R to the B-th power»).

A subset, K of the product X% will be called cylindrical subset

if there exist §€E and A X (§) such that K is the set of all the ele-
ments of the product X® whose projections in X (§) belong to A. If K is
neither void set nor X2 itself, then & and 4 in the definition of K are
unique. The set 4 will be called base of the cylindrical set K.

If for all E€E the values X (§) of the function X are T-spaces, and

~open sets are defined in X2 by Tychonoff’s method (*), then the T-space
X% is called the product of the T-spaces X (§). If all the values of X
coincide (i. .. they cqual the same topological space): X ()= R for all
t€E, then the T-space R® is called «the T-space R to the E-th power».
A set U will be called elementary open subset of the product
X%, if U can be represented as intersection of a finite number of cylind-
rical sets whose bases are open subsets of the factors of the product.
T.et U be an elementary open subset of the product X=. The set of the
t€E for which the projection of the -elementary open subset U in the
T-space X (£) is not equal to X (§), will be called basis of the set U.

§ 2. Calibres and Universal Calibres of Topological

Spaces. We say that a family %" is a kernel of another family %
A CA A~ A and A == A. We say that the family U possesses
a kernel if there is a family U* which is kernel of . Let 9 be a fa-
mily of non-void sets. We say that a cardinal number 1M is a calibre
of the family I if m > 1 and every part of 9} whose power is Nl pos-
sesses a kernel. The calibre 1t is called recalizable calibre if m<IN.
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In case m > MM, m will be called non-realizable calibre of the
family . P , :

Definition 4. We say that a cardinal number m is a calibre (a
realizable calibre, a non-realizable calibre) of a T-space R, if m is a
calibre (resp. a realizable calibre, a non-realizable calibre) of the family
of all non-void open subsets of the T-sets R.

It is evident that W is the minimal cardinal number which may be
the calibre of an infinite T,-space.

Theorem 4. Every cardinal number m satisfying the condition
1 (M) > q(R) is a calibre of a T-space R. -

Remark. Between two calibres of a T'-space R cardinal numbers may
be contained that are no calibres of R. If m is a calibre of a T-space R,
ttfxen a cardinal number less. (or greater) than m is not necessarily calibre
of R.

Theorem 2. If a T-space R is a continuous image of a T-space S
and the cardinal number M s a calibre of S, then M is a calibre of
T-space R.

Let M be a family of non-void sets. We say that the cardinal num-
ber m is the universal calibre of the family g, if m>1
and the following condition is fulfilled: whatever be a set 4 of power m
and a function T on the set A with values I'(2) belonging to 9 for every
@€ .4, there exists a set A* such that A°C 4, 4°~ 4 and ) I'(z) # A.

sEA®

Definition 2. We say that a cardinal number 11 is the univer-
gsal calibre of a T-space R if m is the universal calibre of the
family of all non-void open subsets of A.

Lemma. (8) A cardinal number m is the universal calibre of the
family S of non-void sets if and only if the cardinal numbers m and
y (m) are calibres of the family M. (b) A cardinal number m s the
aniversal calibre of a T-space R if and only if the cardinal numbers m
and y (m) are calibres of R.

Remark, If the cardinal number m is not regular (. e. if
¥ (M) < (), then it may happen that m will be a calibre, but not
universal, of a T-space R.

Lemma. Let U be an open basis of a T-space R containing no void
set. A cardinal number m is the universal calibre of R if and only if m
is the universal calibre of U. :

§ 3. Calibres of the Product of Topological Spaces.
In the following Theorems 3—144 we will suppose that a non-void set 2
and a function X on I are given; the latter associates with every {€Z
a non-void T-space X (%).

Theorem 3. Suppose that an infinite cardinal number m satisfies
the following conditions: (1) for every (€ m is the universal calibre of
the T-space X (5) (in other words, both m and y (M) are calibres of X (8));
(2) if the set B is infinite, then y (m) >N,; (3) at least one of the fol-
lowing conditions (a), (b) is fulfilled: (a) m is a regular cardinal num-
ber; (b) for every cardinal number a< M there is a cardinal number ¢
such that acc<m and J{¢)<y(m), where J(c) is the set of all {€Z
for which ¢ is no universal calibre of the T-space X (%). Then m is a
calibre (even the universal calibre) of the product X=. )

Remark. If y (m)> &, then for every cardinal number ¢ the inequa-
lity J(¢) < (m) holds. Thus, the condition (3) of Theorem 3 is fulfilled,
in particular, in the case where y (m) > E.

Proof of Theorem 3 is based upon a theorem from('). Let us denote
by 1 the family of all non-void clementary open subsets of the product
X®. It is sufficient to show that the cardinal number m is the univer-
sal calibre of the family 1. Let 4 be a set of power m and let I' be a
function on A4 associating with every a € 4 an element I (z) of 1. Denote
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by @ the function associating with every a€ A a finite or void subset
@ () of & which is the basis of the set I'(x). It is easy to see that
there exists an integer n >0 and a set 4, such that A A, 4,~ A
and for every a € 4, the set @ () consists of » elements. If #—0, then
(1 M'(@)=X%=A. If n>>1, then we apply the theorem. from (*) to the
case H=A,. Py this theorem there is a subset H* of H equivalent to
H, and three functions @,, ®,, @, cveryone of which maps H* into the
system of void and finite subsets of E in such a way that the condi-
tions (1)—(7) of this theorem are fulfilled. The properties of H* and
D,, ®,, @, make clear the plan of completing the proof of existence of
the set A* with the properties: 4* (C H*, A*~ 4, Q-F (@) 5= A
A

The following theorems are corollaries of Theorem 3.

Theorem 4. Let m be an infinite regular cardinal number satisfying
the following two conditions: (1) for every &€ the cardinal number m is
a calibre of the T-space X (£); (2) if B is infinite, m is non-enumerable.
Then m is a calibre (even the universal calibre) of the product X5,

Theorem 5. Let m be a cardinal number satisfying the following
conditions: (1)y (i) > q(X (§)) for each E€E; (2) y(m) >N, Then m is
a calibre (even the universal calibre) of the product X&.

Theorem 6. If q(X(¢)<N, for each E€E, then every cardinal
namber m satisfying the condition y.(m) >N, is a calibre (even the uni-
versal calibre) of the product X®.

Theorem 7. Suppose that q(X () <N, for each E€E and B is a
non-enumerabdle family of non-void open subscts of the product X=. Then
for every cardinal number a < QR there exists a jamily B possessing the
properties: 3B, 3>a, ) B+ A.

. _The conditions (1), (2), (3) of Theorem 3 are sufficient, but, in gene-
ral, not necessary for the cardinal number m to be a calibre of the
product X2 Theorems 8—11 deal with necessary conditions.

Theorem 8. A non-enumerable regular cardinal number m is @
calibre of the product X= if and only if m is a calibre of every T-space X (%).

Theorem 9. Zet R and S be T-spaces. If an infinite cardinal num-
ber m is a calibre of the product RX S and m does not exceed the power
of the family of all open subsets of S, then m is a calibre of the T-space R.

Theorem 10. Suppose that for each &€= X (§) is a T,-space consist-
ing of at least two points, and let m be a calibre of the product X% satis-
Tying the condition m << 28. Then m is a universal calibre of X&) for
each E€E and y (m) > N,.

. Theorem 11. Let E be an infinite set and let X (§) be a T,-space of
finite or enumerable weight consisting of at least two points for eacht¢E.
A cardinal number m is a realizable calibre of the product X® if and
only if W, <ym)<m=<<28 A4 cardinal number m is a non-realizable
calibre of the product X® if and only if m > 28,

, Received
14, 11, 1946,
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THEORY OF ELASTICITY

A GENERALIZATION OF THE METHOD OF COMPLEX
DISPLACEMENTS TO THE NON-HOMOGENEOUS PROBLEM
OF THE THEORY OF SHELLS

By V. V. NOVOZHILOY
(Communicated by V. L. Posdunine, Member of the Academy, 20. III, 1946)

1. In (1) wehave established that by introducing three auxiliary functions
called «complex stresses» the order of the differential equations in the theory
of thin shells can bereduced by half. A similar result is proved there also
for three other auxiliary functions called tcomplex displacements». However,
while the equations in «complex stresses» were deduced on the assumption
that there is a surface load on the shell, the equations in «complex displace-
ments» were given only for the homogeneous problem.

Below we remove this restriction and theequations in complex displace-

ments will be extended also to the case of non-homogeneous problem.
- 2. If the Poisson coefficient =0, the complex representation of the
equations of the theory of thinshells is possible without neglecting anything
In the equilibrium equations of the shell element and the continuity equa-
tions of its mean surface (1). For these reasons we shall in the sequel assume
that p. = 0. This will enable us to obtain absolut ely coordinated results which
will be then at the cost of certain discards generalized to arbitrary values
of the Poisson coefficient.

3. Suppose that the complex stresses 7’1, 5‘2, S are determined. Then
the following two systems of differential equations may be written for
the displacements u, v, w of the shell:

Easl:% (f1+7’1)

% 1 ~ m b
ana:‘E(Tz"}‘Tz) (1)
a @ 1 5 <
EO—2—= -‘2—(S+S_)
—ic, B dx, = o (T, —T,)
—ie, B, = o (T,—T,) | @
i, Bt = (§—35) |
where 7, T,, S are the conjugated complex stresses, and ¢, =38/V12.
Put in these equations 7, To S equal to zero and denote the solutions
of the system (1) in this case by %/, o, Y, 5’, ';v’, and the solutions of the
system (2) by Y/, @, 0", Y, .

. Observe that the real parts of u’,’, @’ and #”, 5", w" will be respec-
tively the same and equal to the displacements =, v, w. This latter

assertion is guaranteed by the fact that the complex stresses 7, 7,, 8
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are solutions of the equations, 12) of(*), which combine in themselves
the equilibfium conditions of the shell element as well as the continuity.
condition of its deformation. For the coincidence of the imaginary parts

~ -~ ~ L d o~ .
of uw',v’ w' and u”, v*, " there iz, however, no guarantee.
~

If we yet assume that 2 =u", 0 =0v", % =w", then it will lead us

to the differcntial equations

~ . -
g, = —Iic %,
~ . "~
&y = il %y
i~ , o~
—2—(D="—I'C°‘:

obtained in(?), in which the frec terms are absent.

3)

Henge, we may conclude that the condition of coincidence of

- ~ ~ ~ L s . r
a’, u"; v, v"; w', w" consists in the homogeneity of the problem.

If the problem is non-homogeneous, then the indicated coincidence will

not have place, but we may put

%

where ¢, ¢,, @, are real functions of the surface load, vanishing if

g1=¢,=gn=0.

~ o~ -~ ~
¥

In virtue of (4) and the definition of u’,u”, v',v", &, W given

above, we shall have
Els, =T, —ic,E¥x= 7,1,
Ede,=T, —ic,Etx,=T,—T}
Edp=8, icEtz=5—5

)

where 7%, 7° S° are some other real functions of the surface load. We

L
proceed to determine these functions, ) ) .
4. Let us write down one of Goldenweiser’s identities (*)
04j, 0Ay; AT oAy 1345
da, Oa; ° da, da, Ry 9a,
1 (8Asv, A~ aA,m)__: 0

81" e,

[

R, da; da,

©

If we introduce here instead of :,, ;,, @, ;,,;.,? their 'expressions ac-
cording to (5), we obtain the following differential relation between the

<complex stresscs:

1 [0A,T, , 045 , 84,y 04, ]
A,A,[ 20, T %a, T3q, O aa,T' +

. e [ 1 iﬁﬁ'z ____1_%7* 2 GA,S__;Z_Q_A_!S-] =
+i 44 LR 9, "R 9a VR 93 R, o,

1 TOATY | 0AS | 3A oo 04s q}
=4 | e Tom TS T s
It may be represented also in the form
1 (04,7, | 04,8  ddg_ dA%

T4 | e e, TE O T n | T

T e -
i LRA e R A0 R, 4,4, 3a,
R

1
1 1 [8A,7?, 04.58° , 84, o_a_izro]
_‘c_,_AlA,[ da, + day +8a, § fa; 8

1

- 1
504
Approved For Release 2002/07/29 : CIA-RDP80-00926A000200010072-1

()

(8



Approved For Release 2002/07/29 : CIA-RDP80-00926A000200010072-1

Comparing this expression with the first of the equations of the
.system (12) in (*), we find that the left-hand side of (8) precisely coin~
cides with the left-hand side of the equation mentioned. But then their
right-hand sides must coincide also, whence

il 04,7 | 04.5° |, 24, & 8_4_4_3 0] _
- A4, oa, + day +—6‘—0ES T Ba, Tﬁ +QI—0'“ (9)

Similar considerations regarding two other identities of Goldenweiser
yield another two differential relations between T3, T5, S° which tege-
ther with (9) form the differential system :

1 [OATY | OAS | 94y o 04, 0] 3
-A-1Az[ day + oy +5¢—12_S day Ta +Q1-—0
1 048 | DATS | 04y o 04y 0] o ‘
4, 4, [ day + day +6a1 S T day T |+ 4.=0 (10¥
Ty, T3 _
B TR

where, according to the preceding considerations, 75, T3, §° must be deter-

mined as the partial solutions of this system, vanishing for ¢, = ¢, =¢n="0.

But the equations (10) are precisely the system of the momentless.
theory and, consequently, T3, T',, S° in the formulae (5) are the partial
solutions of the momentless theory for the shell under consideration and
the given surface load.

5. Eliminate now from the equations (5) the complex stresses. Then
~ we obtain the differential system

et g, = T3/ BB

eyt iy %y =T ES (1)

1, 0—ic, T =S8/ E}
which is the required generalization of the system (20) of (*) to the case
of non-homogeneous problem. The real parts of the functions 2, v, &
determined as the general solutions of the given system will be equal
to the general expressions for the displacements u, v, w. The meaning of
the free terms of the system (11) has been established above,

It may be noted that in the majority of cases the determination of
thesc terms will not be difficult, since for many shells the momentless
problem may be solved by sufficiently simple means.

6. It remains to generalize the obtained results to the case of arbit-
rary values of the Poisson coefficient. As we have pointed out in ('),
. such a generalization may be achieved only at the cost of a series of
discards in the equilibrium equaticns and the equations of continuity.
However, the error in these equations will not in the majority of prac-
tical problems exceed the errors of Kirchhofi’s hypotheses. Arguing on
similar lines as in the paper referred to above, we arrive at the follow-
ing differential system:

bR
1—p2
-3 ] .o~
_—.—?1_’——}).': ! +LC ‘X.1=

~

, o~ 7%
+zc %= %5
0
bt | 12]
o3 (12y

® Lo~ S0
si+n) T ES
where ¢ =3[}/ 12 (1—p?) which is the required generalization of the
system (25) of (*). The functions of the surface load T, T3, S° are deter-
mined- in this case in the same manner as in the system (11).
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7. In conclusion we observe that from sect. 4 follows that by 72, T2, S°

we may understand not only partial sqlutions of the momentless theory, .

but also its general solutions, since then too formulae (5) remain coordinated
with the eqluations for complex stresses. Hereby in the right-hand sides of the
differential systems (11) and (12) there appear arbitrary quantities which can

well be dispensed with. All the same, their introduction will on occasion

be useful, since it enables us in some cases to simplify the computations.
A similar example is the «superfluous» function in the well-known gene-
ral solution of Papkovich (*) of the equations of the theory of elasticity.
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PHYSICS

EFFECT OF THE HYDROGEN BOND ON THE FREQUENCIES
OF THE CARBONYL GROUPING IN THE FATTY ACIDS
By M. I. BATUEV L
(Communicated by A. N. Nesmeyanoy, Member cof the Academy, 6. VI, 1946)
In his previous papers (*) the author reported data on the hydrogen bond

in dimeric and polymeric complexes of the fatty acids, secured by studying
changes in the frequency of the hydroxyl grouping in the combination spectra

be

LEFREF

Combination spectra of C=0
of fatty acids: 7, formic acid
2, acetic accid; 3, isovalerie
acid; £, acetic acid + 990>, of
dioxane; 5, formic acid+4909/,
of dioxane; 6, isovaleric acid--
+30% of dijoxane; 7, isovalerlc
acid4-90% of dioxane.

o
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of various acids when in a state of pure liquids or dissolved in acetone or di-
oxane. Since the other link involved in the formation of the hydrogen bond
is the carbonyl grouping, C =0, there, naturally, comes up the question as to
whether the peculiaritics of the association of fatty acids, established by the
author in studying the O—H frequency, may or may not be reflected in the
=0 grouping as well. '

In the combination spectra of ketones and esters the carbonyl grouping
is characterized by a frequency ranging from 1700 o~ up to 1770 cm ~1(2).
The frequencies of the carbonyl grouping of fatty acids have been found to lie
Tar outside this range and to differ essentially from each other so as to fall
into three groups. In the first group belongs formic acid, its carbonyl group-
ing being characterized not by a line but rather by a band about 90 cm—?
wide. This band has two sharply expressed overlapping steps. One of them
with its middle at 1670 cm—1 is more intense than the other which centers
about 1724 ¢m~1.The second group includes acetic acid which in the region
of G =0 shows a triplet of three diffuse lines of which most ifitense is the one
with the lowest frequency, 1668 cm—1, the other two being weaker. The third
group includes all other acids, investigated by the author, beginning with
propionic acid. They show one intense reduced frequency of the carbonyl
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grouping at about 1660to 1670 cm ! in theform of a narrow line, while their
higher frequencies at about 1700 and 1740 cm -1 appear as vanishingly slight -
traces. .
Thus, the lengthening and the branching of the carbon chain in the fatty
acids leads, even in the case of acetic acid, to the dissolution of the wide
Table 1

C=0Frequencyof theFatty Acids
(the exciting line was 4358 A; b is a wide line; dbl is a double line)

C==0 frequency, [Character of
Acid Formula cm-1 trequency
[ Formic ,.....|] H—COOH 1670(6b), 1724(3b) { Band about
80 cm™t
wide*
II Acetic. . . ... .] CU,—COOH 1668(6), 1713 Three dif-
{2dbl), 1743(2) | fuse lines
HI Propionic , . . . .| CH,— CH;—COOH 1670 (6) Line
Bulyric normal , .| CH,—CH,— CH,—COOH 1661 (6) )
Isobutyric , . . . .| (CH,CH—COOH 1660 (6) »
Isovaleric . . . . .| (CHy)CH - CH;— COOH 1660 (6) »
Trimethylacetic** {CH,),C — CO0On 1656 (6) »
Diethylacetic** . .| (C,H,),CH- COOH 1658 (6) »
Enanthic ., ., .| (CH;)—(CH,),— COOH 1663 (6) »

* The band consists of two fused smaller bands of diffcrent intensity; the
middles of the smaller bands are.given here. ;

** The author wishes to express his tbanks to A. L. Liberman for placing
irimethyl- and diethylacetic acids at the author’s disposal.

C=0 band, observed in formic acid, into three distinct lines, the most intense
of which is that with the lowest frequency, viz. 1668cm~!. With propionic
acid and the higher members of the homologous series of fatty acids investi-
gated by the author (Table 1) only one sharp line—of low frequency—lying
in the region of 1660 to 4670 cm~* was observed.

The spectra of solutions in dioxane showed a sharp alteration of the
C=0 frequencies (Table 2). Actually, the wide band remained in place on ad-
dition of 30 per cent of dioxane to formic acid but the distribution of inten-
sities within it was essentially different from that within the G =0 band of
pure liquid formic acid: the intensity of the portion of the band with the
higher frequency increased in relatively higher degree to become equal to the
intensity of the low frequency portion of the band. On addition of 90 per
cent of dioxane the low-frequency portion of the band disappeared, there
being left but one intense narrow line of increased frequency, viz. 1730 em—!.

When 30 per cent of dioxane were added to acetic acid, the intensities
of the lines in the triplet, observed in pure liquid acetic acid, were changed:
the intensity of the frequency 1668 cm ! was subjected to a relatively sharp
drop, that of the frequency 1743 cm - sharply increased, as well as that
of 1743 cm-1. In the event of further decrease 1n concentration there remained
only one line, that of 1740cm -1 (on addition of 90 per cent of dioxane).

When 60 per cent of dioxane were added to the acids of group ITI—isobu-
tyric, isovaleric, two lines of equal intensity—1660 and 1740 cm—1—were
observed in the spectra instead of one line 1660 cm-1. On adding 60 per cent
of dioxane the 1660 cm~! linc disappeared almost completely, very feeble
traces of that line being left, whercas the relatively intense and narrow line
1740 cm-?! became very prominent.
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As shown by the author in previous papers (*), two kinds of association
. through hydrogen bond are possible in the fatty acids: dimeric and poly-
meric. The former predominates in acids with long and branched carbon

Table 2

"Alteration of the G=0 Frequency on Dissolving of
the Acids in Dioxane

C=0 frequency, cm™

Character of
frequency

Formic acid 100%. . . . .

1670(6b), 1724(3b)

Band ébout 90 cm™2

wide*
» » +80% dioxane ., . 1670(4b), 1724(%b) Same**
» » +90% » . 1730 (4) Narrow line
Acetic acid 400% . + &« + . . . 1668(6), 1713(2b}, Three diffuse lines
1743 (2h) :
» » +309% dioxane, . . 1668(2), 1712(2b), Same
1743 (4b)
» > --90% » . . 1750 (&b) Line
Isovaleric acid ., . . . . ... . 1660 (6) Narrow line
» » +309% dioxane., . . 1660(3), 1740(4) Two lines
. 1740 (%) Narrow line

» » +60% dioxane.

* The band consists of two fusad smaller bands of different intensity; the
middles of the smaller bands are given here.
** Two fused bands of uniform intensity.

chain, beginning with propionic acid; in acetic and, to an even greater degree,
informic acid pelymeric forms, originated through hydrogen bond, are capable
of existing along with dimeric forms. The carbonyl groupings in these com-
plexes as well asin those formed through hydrogen bond between the molecu-
les of the acids and of dioxane are found to be dissimilar:

1660 O... H—O 0O 0—H,..0 O0—H...O0 O—H
7 N N/ N/ N/
RC CR 1740 E 1720 ¢ 1710 1%
Y R
0—H ...0/4660 '
CH,—CH,
~N
0 0-H...0 9}
N N /
1740 1% CHy—CH,

In the cyclic dimer the distances C=0, O—H and O...H are
relatively stable. Therefore any considerable diffusiveness is not to be expect-
ed either in the frequency of the hydroxyl grouping (1) or in that of the car-
. bonyl grouping. Inthe polymeric complexes there exist two

different carbonyl groups: that at the end of the polymeric chain, free from
a hydrogen bond, and the other one, participating in the formation of the
polymeric hydrogen bond; the fluctuations in the latter C =0 frequency as
well as in that of O—H in the polymeric chain are much less restricted than
in the cyclic dimer; for that reason this grouping may be the cause of certain
diffusiveness of the C=0 frequency, whereas that C=0 grouping which is
free from a hydrogen bond must, naturally, cause the appearance in the
spectra of a narrow C=O line. In the complexes, formed
through the hydrogen bond between the mole-
cules of the acid and dioxane, thereis only oné carbonyl
grouping, free from hydrogen bond, which, as was pointed out, may be re-
presented in the form of a usual line with the respective frequency.
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In agreement with the above as well as with the results, obtained by the
author while investigating the O—H band (!),onc may draw the following -
conclusions concerning the G:=0 frequencies of the fatly acids in the pure
liquid state and in dioxane solutions, as found by the authors.

The 1660 em~! frequency observed in acids, beginning with propionic
acid, characterizes, obviously, the C =0 frequency of the dimeric ring; the
association in the form of the dimeric ring doubtlessly predominates in these
acids. This frequency is also present in the spectra of acetic and formic acids,
thus pointing at the cxistence of the cyclic dimers in these acids, too.

The 1740 cm ! frequency is observed in the complexes formed between
acid and dioxane; it is characteristic of the frequency of a carbonyl grouping
free from a hydrogen bond. The appearance of this frequency alone in the
weak dioxane solutions 110 to 15 per cent) of acids of all three groups shows
that the dimeric and polymeric complexes, formed by the molecules of the
acids, are in thesc solutions completely decomposed,

The ~1660 and ~ 1740 cm~"frequencies are observed in the spectra of ace-
tic acid; besid es, in the spectra of this acid there is observed a frequency of
1713 cm-1. Whercas the first of the three frequencies indicates the Ppresence
of dimers in the pure liquid acetic acid, the latter {wo frequencies give evi-
dence in favour of the presencein it of the polynreric forms; the 1743 cm !
frequency in acetic acid is somewhat diffused and is of the nature of a double
line.

In formic acid the observableC —O band covers all the three above-men-
tioned frequencies, thus indicating the presence therein of both dimers and
of ahigh content of polymers. When dissolved in dioxane, these dimers
and polymers are decomposed, and in a 10 per cent solution of formic acid
in dioxanc they arc decomposed almost completely, as evidenced by a sharply
distinct single narrow line 1730 cin ! that refers to the frequency of C =0,
frée from a hydrogen bond.

In the physical-chemical literature acetic, as well as formic, acids are
generally supposed to form dimers. This, however, has been checked experi-
mentaly only for vapours of these acids and for their weak solutions in neutral
solvents. There is no evidence that the same should be true of the liquid state
of the two above-mentioned acids (2). Now it is in the liquid state that the
author has found these acids to form polymers as well as dimers.

Thus, we arrive at the conclusion that not only the O—H frequency but
the C:=0 frequency as well is subject in a great degree to the influence of
intermolecular forces and like the former provides an excellent means for
investigation of hydrogen bonds.

The author wishes to express his thanks to G. S. Landsberg, Correspond-
ing Member of the Academy, fer discussion of the results obtained.

Institute of Organic Chemistry. Received
Academy of Sciences of the USSE. G. VI, 1946,

REFERENCES

I M. Y. Batuevy, C. R. Acad, Sci. UKSS, 52 No. 5 {1945); 38, No. & FD-’«G)
' G.V.L.N.Murty, T.R.Sechardi, Peoc. Indian Acad. Sci., A, 15, 238 [1942)

510
Approved For Release 2002/07/29 : CIA-RDP80-00926A000200010072-1



5

Approved For Release 2002/07/29 : CIA-RDP80-00926A000200010072-1

Comptes Bendus (Doklady) de 1'Académic des Sciences de I'URSS
1946. Volume LITI, Ne 6

PHYSICS

JONIZATION OF GASES AND THEIR BREAKDOWN STRENGTH

By B. M. HOCHBERG and E. J. SANDBERG
(Communicated by A, F. Joffé, Member of the Academy, 1. V. 1946)

The study of breakdown in gases of high dielectric strength is of great
interest in solving the problem of the discharge mechanisi under pressures
close t0 atmospheric. As is known, the picture of the discharge suggested

by Townsend and subsequently developed by Rogovsky and others is not

contradicted by experimental data only in the region of low pressures.

Riidenberg and later Locb and Meek (') evolved a picture of the discharge
in air under atmospheric pressure based on the conception of the development
of the space charge in a narrow canal of the discharge. The condition for
the discharge in this cascis the approximate equality of the applied external
field and the field created by the spacc charge in the head of the electron
cascade. Only under this condition do theseparate little cascades, formed al-
most simultaneously under the action of photoionization, unite into a ge-
neral canal, along which the discharge then occurs.

The intensity of the internal ficld is in the main proportional to e**,

where o is Townsend’s alpha and z is the length of the cascade, in the limit -

ing case equal to the distance between the electrodes.

Sincé & in its turn increases very sharply with the growth of the field,
the authors considered that equality of the internal and external fields for
gases of different dielectric strength is practically attained at values of « differ-
ing very little one from another.

Indeed, a variation of « from a =18 t0 « =20, 7. e. by only 10 per cent,

changes the internal field 7.4 times, if the cascade is 1 cm long.

We assumed that this nearly invariable value of the coefficient o, neces-
sary for breakdown, is attained in different gases at different electric fields

which determine the breakdown strength of the gases.

To test this supposition the authors performed measurements of the

dependence of/p =f(E/p)in the region of ficlds corresponding to breakdown
under normal conditions in air and in a number of gases and vapours of con-
siderable dielectric strength. It must be pointed out that such data exist only

for air, nitrogen, oxygen,neon and argon (2-°), the results obtained in a num-

ber of cases being disputable. In gases of considerable breakdown strength

such measurements, to the best of our knowledge, have not becn carried out.
To measure « the authors chose the usual method of measuring ionization

currents. If a current J, is created at one electrode owing to initial ionization,
the current strength under conditions of a homogeneous field and in the pre-
sence of ionization by impact (the distance between the elcctrodes being z)

will be expressed by the well-known formula

J =J e

By performihg measurements of the current as depending upon the field
intensity for different spark gaps (¢.e. J =f (E) for different x), it is possible
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tofind thedependenceof Jupon zfor different values of the field E namely,
for each value of the field

1 J

& = 'x— In -To

. The main difficulty in these cxperiments was the creation of a stable

high voltage (in our case up to 10 kV) and its regulation within the limits
of 10—-20 V.

To solve this problem the authors made use of the electric circuit describ-
ed elsewhere ("), with the addition of preliminary voltage control by means
of a ferro-resonance stabilizer. The circuit was grounded through a poten-
tiometer, directly coupled to a300 V battery. This device made it possible to
vary the magnitude of the stable voltage by tens of volts, as required for
measurements in gases of considerable dielectric strength, for which the
whole interval of voltage variation on the curve J=f(E) comprised only

1g(J-10"4)

/ g (7 1074)
é
o - /,5% /
fd v
“? --é‘:z mm ) Z h
x-F=3mm / J qp,f) 4
. / / / 2
&) =4 mit 25 L~
? / P // / F./P’g
7 / / fﬁ)‘*’
7 A =43
/ — o -
¥, / 42 A e i ,469_
Aot =y
. VEoE o e 7
0 ‘
y; 55
2 s g C—3r a7 23 o 05

£ __vV
P cm mm H Sem

Fig. 1. CgH L, p=300 nun Hyg, £=158°C.

200—300 V. Voltage variations during measurements did not exceed 0.1 V
at a voltage of 10 kV.

The anthors also provided for theexact setting of the electrodes, the crea-
tion of a strictly homogencous field between them and the constancy of the
initial current during messurements (in our case, the photocurrent).

The pre-discharge currents were measured by astring electrometer accord-
ing to Bronson’s method.

The choice of substances was restricted by a number of conditions, such
as: sufficient vapour pressure, comparative chemical inertness and incon-
siderable decomposition during breakdown and under the action of ultra-
violet light.

The set-up was tested by measuring the coefficient in air; then measu-
rements were made in SF,, G,H,Cl, C,H,Br, C,H,,, CHC], and CCL,.

Fig. 1 gives a series of typical results of measurements showing the
dependences of J = f{E)for C,H,Cl when z = const and therecalculated depen-
dences of J =f(x) for E=consl; these make it possible to calculate « for
diffcrent E. ) )

Fig. 2 gives the results of the measurements for all the gases investigaled
by the authors so far. The abscissa gives the values of E/p; the ordinate, the

bi2
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values of 1g («/p). In addition to the data obtained by the authors of the pre-
. sent paper, the broken linegives datafor neon, taken from a paper by Glotov(®)

The straight line parallel to the axis E/p has been drawn for the value
“of «/p=0.0215 corresponding to breakdown in air under normal conditions
(field 31.5 kV cm, E/p=41.5 V/cm-mm Hg). This value of a/p is attained in
other gases under substantially different values of E/p. The authors have
~calculated theratio of the fields at this constant value of «/p in all the sub-

lyé’#
J I 8
Iy 7
f 6
4
1 S S ,.
2Jt5 ,{ {
| {
Y SN NN SEN

'
N
-.-——-1.-.N~h
ol
“‘*’H#‘:;

-

Ly . . . £

0 w0 .10 2600 250 00 P

Fig. 2. 1, Ne; 2, air; 8, C,H4Cl; 4, CoaHgBr; 5, CylHya;
8, 8k, 7, CHCl; 8, CCl,.

stances to the field in air. These values are given in the second column of the
table. For comparison the third column of the table gives the values of rela-
tive strengths obtained by the authors by direct measurements of the break-
down strength (measurements of the right-hand branches of Pashen’s curves
and comparisons of the tangents of slopes for rectilinear sections).

E|Eqaip With | Relative
Substance 1%?2 ggt f(f?- electrical
a/p=0.0215 strength
CHCl ... ... 1.22 123
CHBr . ....... .44 1.52
CGiHizs « o v v v o 0 v s 1.63 1.65
BFg o o v ¢ v o v o o 2.22 2.3
(017 (01 P >4.15 4 24
CClie v v v e e e e e >5.9 6.36
Ne* ., @ v v v v o o o 0.17 ~0,. 14

* According to Glotov’s data (8).

A comparison of columns 2 and 3 of the table corroborates the assertion
that an express condition for breakdown is the achievement of a definite
value by the coefficient «. In gases of considerable dielectric strength this
value is attained at correspondingly high fields. In this way the value of the
coefficient o chiefly determines breakdown in gases. The authors consider
this result extremely important.
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In future it is intended to elucidate the conditions of the development
of ionization in various gases, since the causes determining the difference -
in the coefficient « have not yet been explained.

‘The value of the coefficient 2 is determined by therate at which the elec-
trons accumulpie the energy sufficient for the ionization of the gas molecules,
Since it has been noted that high dielectric strength is typical of the heavy
gages with complicated and easily polarized molecules, it can be assumed
that the accumulation of energy by the electrons takes place much slower
in these gases because of non-elastic losses, much greater electric fields being
needed for the beginning of intense ionization.

Leningrad Physical-Technical Institute. Received
Academy of Sciences of the GSSR. 15. V. 1946.
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GEOPHYSICS

A TENTATIVE INDIRECT DETERMINATION OF THE VELOCITIES
OF THE TRADE WINDS IN THE EQUATORIAL PART
OF THE PACIFIC

By W. B. STOCKMANN
(Communicaled by P. P, Shirshov, Member of the Academy, 4. IV. 1946)

In a previous communication (*) the author of the present paper has
set forth certain indirect data characterizing the transverse non-unifor-
mity of the trade winds near the equator. These data, obtained on the
basis of the theory(®) of horizontal circulation in a homogeneous sea,
were of a purely qualitative character. It was, therefore, interest-
ing to attempt to calculate the transverse variation of trade wind
velocities on the basis of oceanographic measurcments. Naturally, such
calculations must be based on a more exact theory, taking account not
only of the non-homogencity of the ocean’s waters, but also of the effect
of lateral turbulent friction, which plays an important réle in the dyna-
mics of sea currents(®).

Considering a steady horizontal movement in a certain region of the
non-homogeneous ocean, we may describe such a movement by the follow-
ing system of differential equations

o F) . op "
‘51L;+az <Az ;;) 4+ 2p0vsing = _ai; ]} .
0 . a “
Alaxz_l—az (A ')*2P0>u81ncp=_3_§ J :

together with the continuity equation

Gpu , dpv
9 T oy =0 (2)

In equations (1) and (2) z and v denote the horizontal velocity componenis
in the direction of the axes X and V of a Cartesian system of coordinates
(X pointing eastwards; V, northwards); p is the pressure; p is the density
of the water; ¢ is the latitude of the location, considered constant for a small
region; o is the angular velocity of the Earth’s rotation; A, is the coefficient
of turbulent friction due to the exchange of momeitum along the vertical
Z.The quantity 4, can vary along the vertical according to any law. Finally,
A; designates the coefficient of lateral turbulent friction caused by the
exchange of momentum in horizontal directions. Determination of A; reveals
that this quantity undergoes much smaller changes than A,. Consequently,
A; with sufficient accuracy can be considered a constant quantlty

Differentiating the first equation in (1) with respect to y, the second —
with respect to z, and subtracting the second from the first, we obtain by
virtue of the contmmby equation (2) the expression

4 (G +5 (4D ] -zlz(4m)]-0 @
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In this way eliminating the gradients of pressure and the diverting force
of the Earth’s rotation. \ oL
Let us, now, integrate expression (3) within the limits z=0 (the ocean’s
surface) and z=H, the depth at which (and below which) the isobars are
horizontal and there is no movement.
Proceeding on the assumption that under the conditions of the ocean
we may with sufficient accuracy write

H
a 4
Sé— [# (2 =, y)]dz.c_r-a-; F(z 2z, y)dz

i y

F(z,x, y)dz

x

Oty Pty

H
a a3
S;é* [F(z, z, y)]dze-_a’a

{3) can be re-written thus:
) H

w{ G e s (2D et {2 (4 a0

In the discussion that follows we shall bear in mind that

a
for z=0 A,-é';‘s_—:—.T', A,%E=-—-—T,
du __
19z

5)
du (
for z=H A,5;=O, A 0

where T, and 7 are the components of the tangential stress of the
wind on the ocean’s surface. At a depth z=H the tangential stresses
are equal to zero owing to the abscnce of motion there. As result we
obtain from (4) and (5)

15 g
4 § g’yij —‘;;*) dz= —curlT (6)
where
aT, oT,
curl T ="V — e (7)

thus likewise eliminating the coefficient of vertical turbulent exchange.

It should be noted that in the equatorial part of the Pacific the
zonal components of both the wind and the current prevail. Conse-
quently, assuming 7, =0 and v=0, we obtain instead of (6)

H
d* ,  dT, (y)
Al § ‘-ry,dz == T
or, with accuracy sulficient for practical purposes,
a8 dT
4= ®
- .
where S, =\ uzdz (elementary flow).

Integrating (8) we obtain
ds,
T.)= A gs+C ©
where £ is an arbitrary constant.
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Let us make use of formula (9) to-calculale the lransverse non.
cuniformity of the trade winds in the cquatorial part of the Pacific.

We shall proceed from the distribution of current velocities calculated
by Sverdrup (*) from observations carried out on board the «Carnegie»
along a meridian scction made across Lhe equatorial currents (longi-
tude 150° W). Unfortunately, the author of the present” paper did not,
have on hand the tabular values of the eurrent velocities and in his
tentative caleulation according to formula (9) was compelled to nsc
values of the velocities, carefully reproduced from the isotach graph
given by Sverdrup (*).

This isotach distribution, copied from (%), is depicted in the lower part
of the figure (velocity in em/scc.).

It goes without saying that our computation, based on a chart so unsuit-
able for cxact calculations, is very approximate.

The middle part of the figure shows the change in elementary flows S,
determined for a layer extending from the surface to a depth of 400 m, where
there is practically no motion. The same part of the figure depicts the change

" of the sccond derivative of 5, with latitude (Y-axis), in calculating which
we confined ourselves to the second difference of the quantities S, (A% S,).
The constant C, which appeared in (9), can be determined graphically by shift -
ing the reference point for A2S. down so that the whole curve AzS, should
lic above the abscissa, the absolute minimum of A%S . being taken as the
uew reference point, corresponding to the zero value of 7 in the calm belt.

w
mses

This determined the latitude corresponding Lo the position of the calm belt.

The latitude of thecalm belt on the graph, ¢ =9.5°N, is in good agreement
with its generally accepted position in the Pacific (7—10°N for the summer
in the northern hemisphere). We have assumed A4; to be equal to 7-10°CGS.
According to the data of Montgomery and Palmén (%), this value corresponds
to the region of the cquatorial counter-current in the Atlantic (there is no
determination of 4; for the equatorial zone of the Pacific Ocean). The
author then calculated the velocity of the wind W, making use of the well-
known dependence

T=32.10" W

in which T and W are expressed in the OGS system.
The meridian change in the velocity of the trade winds thus obtained

(in m/sec.) is depicted in the upper part of the figure (the wind is perpendi-
cular to the drawing).

As wesee, the transverse non-uniformity of the trade winds near the equa-
tor is still characterized by the presence of two maxima of the wind velocity

3 €. R. Acad. Sci, URSS, 1946, v. LIII, 7% g, 547
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along the sides of the calm belt, maxima predicted and explained in the
previous paper {1). The position of the maxima corresponds, as can be seen
from the figure, tothelatitndes ¢,2:4°N and 9,22 11°N . It is interesting that
the southern maximum (14.7 m/sec.) exceedsthe northern maximum {12 m/sec.)
of the wind velorily.

Qur computation has also resulted in the discovery of a new small maxi-
mum of thewind (~6m/scc.) at a latitude of ¢, 7.8°N in the region of the
equatorial counter-current. At present it appears difficult to explain the
origin of this maximum; quite possibly it is a consequence of the squalls,
occasionally observed in the calm belt. None the less it must be kept in mind
that the ficld of masses and velocities in the hydrosphere, on the whole,
reflects the average state of the atmosphere above the ocean for a long period
(of the order of a season). It must alsu be noted that details of the averaged
circulation of the atmosphere can only be obtained on the basis of the sta-
tistical treatment of agreat number of eteorological observ ations, not always
feasible in the open part of the Paeific.

That is why the indirect method of determining the prevailing non-
uniformity of the lrade wind velocity, chosen by the author, has certain
advantages over direot metcorological observations. Comparing the upper
and lower parts of the figure. we sce that the equatorial counter-current
is mainly (excluding the narrow calm belt) directed against the wind. This
circumstsnce has a definite effect on the distribution of current velocities:
the maximum of the velocity of the equatorial counter-current, situated
on the surface in the calm beit (p =0.5" N}, has appreciably shifted down-
wards in the southern pert of the flow.

Institute of Oceanology. Received
Academy of Sciences of the USSL. 8. IV. 1946,
REFELRENCES
t W.B.StockmannC.R. Acaid. Bei. URSE, 53, No. 4 {1946). * W.B.Stoc k-
mann, ibid., 52, No. 4 (1946}, s ¢, G. Rossby, Papers in Phy-
sical Oceanogr. and Met., 6, Nn. 4 (1936). ¢ H. U. 3ver 4 r u p, The Oceans, their
Physics, Lhemistry and Ceneral Riology, N. Y., 19%2. * R. B. Montgomery

and 1. Patmén. J. Marine Reseajch. 8 (1940).

518
Approved For Release 2002/07/29 : CIA-RDP80-00926A000200010072-1



+ Approved For Release 2002/07/29 : CIA-RDP80-00926A000?09010072-1
Comptes Rendus (Doklady) de 1’Académie des Seiences de 1I'URSS
' 1946, Yolume LITI, N: 6

TECHNICAL PIYSICS

UNIDIMENSIONAL SCATTERING OF DETONATION PRODUCTS
IN THHE CASE OF LOCAL ACTION EXPLOSIVES

By K. P. STANIUKOVICH
(Ccmmunicated by P. L. Kapiiza, Member of the Academy, 29. IV, 1946)

A study of unidimensional motion of detonation products can be
carried out proceeding from the general solutions of the equations of
dynamics

. Au du . 19p d1noe dlnp |, du
B it ey §

Ml i —— L gl IR YR
ot TR T T g ra— st
I{p™) d{pom)

—a e, =0

Here p is pressure; g, density; u, the velocity of the detonation products.
If the outflow of the detonation products into a vacuum be considered
(which is legitimate, since the pressure of the air is small in comparison
with the pressure developed on de tonation), then we shall have pp— const.
After the insertion of ¢*==dp[dp the above equations transform into
du . du I e de dc n—1 du
G TramTtiTin =0 Ftugp— T c5m=0
It has been shown earlior (*) thal in the case of condensed local
action explosives the polytrope exponent 7 is close Lo the number 3.
With n=3the above equations may be written as follows

7] 7]
_(i‘a?t':le_(u 1 ¢) __Qajhc) =0 (1)
Denoting a=u--¢, B=u—¢, we can write the general solulions of
equation (1) in the form :
| &= at 4 F, (z) @)
T:‘:Bt"‘_ﬁa(ﬁ) : (3)

The scattering of the detonation products can be represented schema-
tically in a rather simple manner. With an arbitrary position of the
detonator ingide a cylindrical charge of unit cross-section there arise
EWo waves on detonation, one of which moves to the right of the deto-
nator, and the other to the left.

In the first place we shall consider the wave that spreads to the
right. This wave is known to be described by Riemann’s solution and
characterized by the fact thal its barameters are functions of /¢,

When the wave reaches the boundary of the charge, the detonation
products begin to fly asunder. A feature distinctive of their scattering
is that the velocity of the particles rises abruptly to its maximum
value, defined, as we know, by Riemann’s solution, On the other hand,
the density, or the local velocity of sound, which varies directly as the
density, falls. as abruptly to zero. : L o
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The distribution of velocity and density eannot he found unless we use
the general solutions of the equations of gas dvnamics, This becomes appa-
vent from the following consideration. When the detonation wave reaches
the charge boundary, it gives rise to two waves. Oune of them mayv be inter-
proted as a rarefaclion wave moving inward from the boundary of the charge,
while the other wave spreads out into space. So Riemann’s sofution can no
Jonger hold good here. sinee it is only true for a wave moving in one direction
with vonstant parameiers at its front. whereas the parameters at the front
of the rarefaction wave running inte the charge are gradually decreasing.
Two conditions have to be imposed upon the general solution. First, the
parumeters shouid be distributed along the vertical, and secondly. the new
solution must be conjurated with the old solution of Riemann. 11 the deto-
nation produets seatter into a vacoum, the process can he deseribed comple-
telv by means of the two equations of gas dynamics used heretofore. But
i instead of vacuum we have a medium of a given density. a shock wave
of variable amplitude will arise before the front of the detonation produets,
The entropy at thefront of thisshorkwavey aries continuousiy.and a complete
solution of the problem can no longer be obtained unless we proceed from
three equations of gas dynamics.

For the present we shall consider the case of detouation products flying
inlo a vacuun. The new solution referred Lo above will hold until the front
of the rarefaction wave attains the point of weak Jdiseoutinuity in Riemann’s
solution for the detonation wave. When this occurs. a new solution appears.
This one is again a Riemann solution, sinee beyond the point of weak discon-
tinuity the pressure and, accordingly. the loeal velocity of sound remain
constant and the velocity of particles is identically zero. .

Thercfore, the wave moving into the charge will have constant parameters
at its front. or, in other words. enjoy properties characterizing 2 Riemann
wave. This Riemann solution gives the relation for the particles’ velocity
and the local velocity of sound not as a function of f2. bul in a more compli-
cated manner.

Similar reasoning «an be applied to the left end of the charge. As are-
sult. we shall find that two Riemann waves of rarcfaction—one moving from
the right end to the left and the other from the left end to the right--will
eventually meet together. At the instant of encounter a new solution arises
whirh is Riemann’s solution sgain and can only be found from the general
integral of the equations of gas dynamics. This integral can be found if we
proceed from two boundary conditions of ils conjunction with the right
and left Riemann waves.

As a result, we shall have five equations conjugated with one another
at four points. 1L wil} later hecome apparent that the extreme and middle
solutions will in time extend over mtervals which inerease direetly as the
time. whereas the middie Riemann solution will continue iu existence
on intervals which retain constant and finile solutions,

Therefore, as ¢ tends to infinity, the masses involved in these inte-
grals tend to zero, and wmay be neglected in the further discussion.
> Phus, a complete solution consists of seven distinet solutions.

Let the detonation begin ut a plane passing through the origin.
Denote the right end of the explosive by a, and its left end, by b.
Then the detonation wave moving frum left Lo right may be described
by the cqualivns

%L :x}-‘:, xqu——.]}‘lz lf D;,x;!l?;,D‘!j
a0, p=—2012 if r{tiD/2

At the instaut f,-ajD the detonation wave will reach the right
end of the charge, whereupon the Jetonation products will begin flying

L2
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asunder. Proceelding  from the general sclutions one may stale Lhat-the
Pprocess of their scattering is characterized by the equatbions

oy ==x/t : (4)

i

T—a .
=D, (5)

The first of these equations is obvicus, and the second can be derived
" . ' : ; ’ a
from equation (3). In fact, for ¢,==a /D and z,=a we have F (8) =a—3 o
and this relation for ¢ 2> a /D gives equation (5),

Ca - - 3Ja 3 . ..

At the instant ti:")‘D for Ty=-d the rarefaction wave arising on
scablering and moving from right to left will meet the point of weak
discontinuity in the solution written for «. This gives rise 10 a new
solution f,==B, (as before). The new solution obviously is

o, =) 2 6y

A similar picture will be observed at the left end of the charge,
To write down the corresponding equaticns we have only to replace a by 6,
o by—B and 8 by—a,

o _Ba-b

At the instant ts—-—:—g 5

: . 4 _ . .
meet at the point xy=--(a—5), thercby giving rise to a new solution

the right and left rarefaction waves will

again. The new solution clearly will be characteorized by the equations

b , r— -
$ o o _ r a4 . (j)

* T ma

log == — 7~ i
COY 7 gy S

Let us now write all solutions in tiie old variables uz and e and fix
the limits of their existence for ¢ 2= ¢, (for the right end of the charge)

x b x—a xZ D r—u Dt
n, o= — 1 2 rTa o= Yl s
P ot Vo g 1= 2 4t —a’ Dt > S
N i—a 1 Frp— Dt o« O 3
”'e—z'[“m]’ ’e“—‘“z‘[i—m:a]' Pt T Ty
'y [' £ r— b b r—a bt oh Dt 3a
M, o= — | 7 1 L - T e iy o
T [Tk JJ[*N,}’ Ca= [1);:-4) m_n,] S e

At the left end of the eharge the picture will be similar,

‘Let us consider the distribution of energy, impulse and mass of the
detonation products Flving in ¢pposite directions at a sufficiently large
t(t— o). For this purpose we shall examine the expressions

Iy

fif
S = \) entde|- \ cyutde _ 8)
e 0 ‘ '
'.l‘?‘ur‘ a=0, J,~ scatlering mass (#,); for =1, J, ~ impulse {{,); for
« =2, 4, ~ energy (£,). After the evaluation of the corresponding integrals
for the left end we, finally, obtain '

g 4 = T O ~ | | 4
My=-3 (Ge-t56), M, = (3a+4b), J,=J, =02
. 2/

~ vg £12 N o fi2 .
o= (§ P (100 100), By 2 (1104 160).
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‘The equality of the impulses is obvious, since only internal forces
are aclive in the process of detonation. The relations of masses and
CHeryies are

A, ha t 3b E,  16u 114

M.T Gainb' E, 1lo: 16b
~ M, 4 F, _ "0 -
For =0 "E=~::, .",:——fl'

It will De apparent that with the detonator in the extreme position the
mass moving toward the charge is smaller than that moving in the opposite
direction. but the former carries a greater energy. Thus, a redistribution

Seadtering of delonation pro-
duets. a=8 em. b=4% om,
§oe=Nabor entfaee.

Job=2051078 seny
S =008 ser
G P=7.0-1078 sec
4, P=t10-1078 gec;
3, ==12.5.3973 se0,
G, D =15-1670 spe
7, l=17.5-10"8 sec.;
=3u. 7 el
g, 1:=22.5-177 sec.
3. P25 1078 ger
i, 1=27.01070 sec
2

e
P ot ser,

of envrgy Lakes place in the process of detonation :im} this d is(llri:;-l(t:;);i\,g \;l;;;;

d i i This result is in good agreement W
trolled by the position of the detonator. 3  good 2 L
o\px-rinn:nml Lliﬂl{l (2). The distribution of density am(} velocity of detonati
products for different £ is shown in the adjoined figure.

Poceived

2y BVL 1946,

REFERENCGES
o ch e h. U sl Seil DRSS 16,
Vi b, Landau and K. PoRtapnruke vien oL Aeudl Ser

; ; . eiternye BappBa. 1942,
Nty P ok pos o Houp o peduoe (e BCrBi v

522

Approved For Release 2002/07/29 : CIA-RDP80-00926A000200010072-1



» Approved For Release 2002/07/29 : CIA-RDP80-00926A000200010072-1

Comptes Rendus (Doklady) de 1’Académie des Sciences de I'URSS
1946, Velume LIII, N 6

ELECTRICAL ENGINEERING

A DEVICE FORR THE SOLUTION OF ORDINARY
DIFFERENTIAL EQUATIONS

By I. S. BRUK, Correspcnding Member of the Academy

The most perfect of instruments known up to date for the solution of ordi-

nary differential equations arc based on kinematic principles (*). Machincs

of this type exist in many countries (2); they have Thomson’s integrating

mechanism  (3,%) as basic link.

Machines with a mechanical integrating element have a high accuracy

and are suitable for the solution of a wide class of problems that may bhe
reduced to linear or mon-linear ordinary differential equations.

In cases where high accuracy of results is not a necessary condition, an

instrument may be used based also on the same kinem atic principle but having
a more simple integrating clement. The reader is supposed to be acquainted
with the design and kinematic scheme of the machine for the solution of
ordinary differential equations, having a mechanical integrating element (2).

If should be remembered that in this device values of quantities that are
related by the differential equation are determined by the angle of rotation

of corresponding shafts.

In the instrument described below the integrating clement is a

scheme with thermionic valves allowing, as in Thomson’s integrator, to

evaluate integrals of the Stiltjes type gyd(p, where ¢ is a certain function

of time. Values of all the quantities involved in the differential equation
to be solved are represented by values of an electrical-quantity.

To every variable is allocated a certain «bus-bar», the voltage of which

with respect to a certain neutral «hus-bar» represents the value of the quan-
tity considered. The buses are connected between them in principle in the
same way as the shafts of amachine with a mechanical integrator, and form
a «kinematic» scheme in which clectric voltages of individual links determine
values of variables at any time.

To ¢connect» the buses elements must be used that can perform summation,

integration and multiplication. Functional relations must also be provided
for to introduce variable coefficients of the equations. This last operation
in mechanical instruments is made by the operator with the aid of a so-called
operator panel (2). In clectrical devices where the time required by the solu-
tion cycle is exceptionally short, as will be shown later on, it is impossible
to 1ntroduce the coefficients «by hand». T herefore, there is practically only
one possibility left (often made use of in the mechanical instrument)—to
solve the auxiliary differential equations simmultaneously with the main
ones, the solution resulting in variable coefficients which are introduced
into the solution scheme of the main equation.

It is convenient to begin the description of the instrument design

with. thg injegrating clement. This is in principle the well-known
RC-circuit (Fig. 1). II RC is selected large cnough, then for < RC
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the condenser voltage is L', >~ ﬂ‘e dt, where ¢ i¢" the voltage on the circuit
terminals. ' ’

To compute’ \ ydy it is necessary to make e yd¥/dl. This purpose
is served by the balance modulator. If the scheme shown in Fig, 2 13
hiooked up, the voltage of the condenser € will be equal to ‘yd"g."

This voltage is fed to the amplifier and a voltage is obtained at the

p outlet, connected to a resistor load, that may
VAV VAN be used in accordance with the requircments
r_/ [j of the problem te be solved,

e A 4= fedt A certain time scale must be selected
. T l to satisly the condition ¢ «¢ T - B(. To make

clear how this can be done in the elecirie
Fig. 1. mstrumeni, let us refer to the mechanical
integrator. In this last the speed of the

solution (In time) is known to be determined by the speed of rota-
tion of the independent variable shaft. It is not important whether
this shaflt rotates at a constant or at a varlable speed. Having set the
machine going and having reached a certain value of the independent
variable, the independent variable shaft mav be stopped and by rotating
it in the opposite direction the ericinal position mav be returned o,

r _____________ -
Y wodlator ’ %

IPre, 2L

for which the initiut conditions have been given. After changing the sign
of all the initial values of the functions and derivatives and again
setting the independent variable shaft in motion, the same solution ix
obtained, but of opposite sign. The same cycle may be realized with the
electrical scheme. This may be illustrated by a comparatively simple
example.

The solution is required of the differential equation dyfjdd-i-y=-0
with initial conditions 9=, y=~:y,. This equation may be re-written in
the form

y+ S ydo=y,

The scheme of solution should have the form shown in Fig. "3,
It follows from what has been said above about the mechanical instru-
ment that ¢ (£) is a periodie and non-negative function of time. There
is a wide scope for the selection of the form of 4(2). It is convenicnt
to choose a rclation that may be easily reproduced. For example: ==
=", (1—cosw ).

In this case d/dt will represent a sine voltage curve with u phase
of 90" with respect to U. The voltage y, representing initial conditions
must. be produced by a rectangular impulse generator at o 2 fre-
quency (Fig. 4).

p2%
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If the bus-bar of the independent variable ¢ be connected to an a. ¢,
source, and the voltage y be applied to one pair of plates of a catho de-
ray oscilloscope and “the voltage % ‘to the
other, the stationary image obtained on the
sereen will he the (graphic) solution y(¥) ¢
(Fig. 3). Without dwelling on the delails .
<4

,,
LG

— ' it s N\
9’=a— 4
% 97y AR

1y | '
L ! L Yy
I
Fig. 3. ‘ Fig. 4.

of the clectric circuit Lo be realized, the basic problem of time seale
will now be reverted to.

To satisfy the condition ? « RC it is necessary to bave variation
frequency of ¢ sufficiently high (or to bave 4rjo < T, see Fig.p4).

1 J(g 4 #
1 3 R} A
F’x*“/;~’.{,,--lf¢~—{/v

Increasing the amplitude ¢,, a solution may be obtained for a suffi-
ciently great value of the independent variable without increasing the
error duc to the integrating eireait,

Consider nmow a more complex example—a non-lincar differential
equation

-
M

d2y
g siny =0

with the initial conditions ¢ =0, y=1y,, dy/dy = ..
The equation may he re-written as follows:

7 .
;Z—% Y+ \ sin y d = const

The scheme of solution is shown in Fig. 5. Siny may be determined by
solving (simultancously with the main equation) the auxiliary diffe-

525

Approved For Release 2002/07/29 : CIA-RDP80-00926A000200010072-1



Approved For Release 2002/07/29 : CIA-RDP80-00926A000200010072-1

t .
-

rential equation ‘-1%, £z 0 with initial conditions y= 0, =0, dz/dy - 1.
The auxiliary equation in the form

ds v
([y—»‘L ‘\ :d_l[':‘ |
i introduced into the solution scheme (Fig. 5).

Two integrating elements (7, and 1) and the modulator 3 serve Lhis
purpose; dy/dt is determined by neans of the latter.

‘The summator T serves Lo introduce dy/dY into the integrating element
I, and modulater ). Details of the summator scheme are here omitted.

Only a briel description of the instrument scheme has been given, and
its applicability to the solution of some equations shown.

The practical possibilities of application of the instrument are as great,
4~ those of the well-known machine for the solution of differential equations.
A detailed description will be pubtished when the experimental work now
i bhand has heen completed.

Poceived

26, VI 1945,
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Comptes Rendus (Doklady) de 1'Académie des Sciences de I'URSS
1946, - Volume LITI, M 6

CHEMISTRY

"CONDENSATION OF DIENE HYDROCARRBONS WITH BUTYNONE
By A. A. PETROY
(Cemmunicaled by A. E. Arbusce, Member of the Academy, 14. ITI. 1946)

In the aathor’s earlicr papers dealing with diene syntheses the reaction

of a, p-ethylenic ketones with diene hydrocarbons has been described for
the first time. This reaction leads to the formation of hydroaromatic keto-

tetrahydroacetophenone, its homologs and analogs (1). ,
Further investigations have demonstrated that o,S-unsaturated acefyl-

enic ketones are also capable of condensation with diene hydrocarbons.

The object of our study were butynone, bivinyl, 2,3-dimethyl-butadiene-

1.3 and hexadione-2.4. Butynone was prepared by a method worked

out  previously starting from bivinyl according to the {ollowing

scheme (2):

Bry ROII
Cily = CH—CIT = I, C11, By — T = CH — CILDe —

KO1

) I0R 1
= CHy= (11— CIL= CIIBr ~——> GII,I—CII(OR) == CH,Br —— CI, ~

o
= C(OR) —C == ClI T Cll;—CO—C=CI

The condensation was carried out in sealed glass tubes at 125—130°

in a benzenec solution during 12—16 hours. As a result of the reaction only
dihydroacetophcenone and its bomologs have been obtained, the yield
being 80 per cent.

Thus, it was proved that butynone and diene hydrocarbons enter the

reaction under the condilions specified above, the ratio being only 1:1.

Dihydroacetophenone and its homologs are colourless, strongly refractive
liquids,with a peculiar odour much less agrecable than that of tetrahydroace-

tophenone derivatives. The physical propertics of the substances obtained
are tabulated below.

It may be seen from the table that the above substances, which are all

possessed of a system of conjugated double bonds (G =C—C =0), show an
exaltation of the molecular refraction.

In the table are also given the melting points of semi-carbazones, p-nit-

rophenylhydrazones and 2,4-dinitrophenylhydrazones of all the ketones
obtained. The velocity of the formation of all these derivatives depends
considerably on the position of substituting groups: 2,5-dimethyl-A%* -
dihydroacetophenone reacts much more slowly than 3,4-dimethyl-A *° -
dihydroacetophenone.

One of the interesting particularities of dihydrophenones is their

capacity of casy dehydrogenation when distilled over sulphur with the evo-
lution of hydrogen sulphide and the formation of fatty-aromatic ketones.
Thus, from dchydroacetophenone aceltophenone was obtained (b. p. 198—

527

Approved For Release 2002/07/29 : CIA-RDP80-00926A000200010072-1



Approved For Release 2002/07/29 : CIA-RDP80-00926A000200010072-1 -

—2007% d;* =1.029. no?” =-1.5340, m. p.of the p-nitrophenyihydrazone {5%.5—
—185°, these data being in agreement with data found in literature); 3.4-«
dimnenthyl-23*-dihydroacetophenone vielded 3.4-dimethvlacetophenone, b. p.

! | MR M. p.. °C
B. p. at p
, . .2 L g2 - e | .-,-,‘i,,_,, T
Formula 0 mm : d} g £ Sé-’-é &
o 1 o= © = i e ol
o I £ F £? ZzEs %
; PET 8 0 i3 | 4252 i<fzs
B v R R | [
v N - CHs | 95-95.3 - 1.0126]1.5110. 36.02! 36.12 199.5- 1203 2041010
-7 . : 260.5
Clig :
. - CHlg 102103 1 0.0681:1,300%° 43.25 45.17,476 177 184 186{151- 155
CHjy 1R
{lia
- H #
CHs 7 [T TN 127.5- 128 0.0868 1.511IN 45.2¢° 45 631225 2252214“2&{234-;33
. _ : : . i > :
;
i

24722507, 4 =1.008. nj =1.5415, m. p. of the oxime 85.8—86.4". m. p.
of the semicarbazone 230--231° (data from literature: b. p. 250°. d'** -
=1.008, n¥ =1.5413, m. p. of the oxime 54.5--857 m. p. of the semicar-
hazone 233—234° (*)).

This transformation of dihvdroacetophenones agrees well with thewr

suppoged structure.
Receinad
(R R LTS

LEFSHENCES
VAV Terpoa, sRON TE 308094 H. U Hameusenaa v A A Hetpan,

HOX, 1 665 (194t A A Hertpore. JROX. 1P 1682 quam. 5 Reildeine
Handb, i Oggon, Chem., 1. 3230 173 (19185
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GEOCHEMISTRY

YARIATION IN DEUTERIUM CONCENTRATION IN THE PROCESS
OF MELTING OF ICE

By R. V. TEIS
(Cummunicaled by V. G. Chlopin, Member of lhe Academy, 30. I11. 1946)

I some previous papers (*~¢) ithas already been shown that in natural
ire the deaterium concentration decrcases and the heavy oxygen concentra-
tion increases. The experiments on freezing water under laboratory condi-
tions carried out by the author with Florensky (%) showed. the possibility
of discovering the same phenomenon in the laboratory under definite condi-
tions of freezing (freezing out a small part of water and obtaining ice erystals
with a dissected surface). A further study of this phenomenon revealed that
suehl an isotope composition of ice was the result of the freczing of water
containing dissolved air, while with a preliminary removal of air from the
water freezing brings about an accumulation of both deuterium and heavy
oxygen in the solid phase. It was also shown that in natural ice, in a mea-
sure subject to melting, an incrcase in the concentration of deutemum
and a certain decrease in the concentration of the igotope O are
vhserved (*,%).

To check and further investigate (his latter phenomenon we used snows
which had soffered greater or lesser changes in the process of melting—{firns,
frozen snow crusts, ete. The samples were taken* in the Moscow and Yaroslavl
provinces in the spring of 1940. The samples were cleaned by the method
of Emeléus and others (°), used in our previous work. The.determination
was made by the same method as that used in the previous work, i. e. by
a comhined mdcasurement of density and of therefractive index of the sample
with the same accuracy (ds+0.2 v; An-£0.5-10-"% geparate determination
ol about 1.0 v}, The results are given in Table 1.

Out of the seven samples here deseribed, four (Nos. 1, 2, 4 and 7) have
an isotope composition, differing from the composition of fresh snow in the
same sengce which has previously been noted, particularly in the inercase
in their deuterium content (which in fresh snows is found to be negative).
The composition of firn No. 3 closely approaches that of fresh snow, which
is accounted for by the low rate of melting, as indicated in the table; this
sample gives the composition of the snow at the very initial stage of meltmg
The same may he true of the remains of snow-drift No. 5 (the sample was
taken after the first warm day). It will be more difficult to explain the more
ithan once checked relation between samples Nos. 5 and 6: the composition
of the pool found beside the snow-drift suggests that it is not related with
sample No. 5, as 1t yields a picture characteristic of the last gtages of
melting.

Since we are aware (*) of that the process of freezing in nature is comphca-
ted by an accessory Process, leading to a considerable deviation in the isotope
(omposltmn of the ice from the theoretical one, it may be expected that the

# Samples were taken by K. P. Tlorensky.
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change i the composition of ice upon melling is also of a complicated nature
and does not coincide with that obtained by theoretical calculation.

In order to clear up this question, laboratory experiments with melting *
1ice were carried out; the ice contained 0.1364% atomic per cent deuterium.
While studying the waters of glaciers, in order to explain the increases in

Table
No. . . Im-ruufse in
of | Date of density, v

- . i . . . !
<amp~ sampling Sper itnen E Description of specimen 5_-—— -‘— —_
e | : » M, | Adp | M
| | - .
1 12 IV 1040 Coarse-grained '  Lrumb!ing moss of se- ’
firn ¢ parated, almost quite dis- ! I
joined grains of transpua- |
rent ice, 3—5 mm in dia- | :
meter. Formed at the ui- | '
i bimate stages  of meiting |
of snow in the sunshine, : i ’
under variable tempeora- 1 ‘ !
; ture conditions P e 7 10
2 120V 1940 Firn ice trom | Snow consolidated un- | ;
* raad der pressure in the final:
stages of thawing, seilti- | i
transparent compact ice
; lying in a crust directly | i
: i ugon the ground I I LS
1 20 IV 19500 Coarse-grained Firn remains of snow. !
firn, Yaroslavl | Grain size 3—5 mm. In ,
province oulward appearance simi-
: lar to firn No. 1, but for-
: med under conditions of
; slow melting —2 AL —6. 1 4.7
i 1.V . 1940 |  Frozen-snow Frozen-snew  crusl on
!crust, Yaroslavl| the snow in a wood. At
| province night Jreely withstands !
i the weaight of 3 man. Ta-
; ken in the morning, in a |
i stightly thawing condi-
! tion. Grain sjze 0.5—1 mm| © 0 0
5 TV 19407 Kemains of a Granular, crumbling
snow-drift, Ya-|] snow, medium siage bel-
roslavl province | wean a frozen-snow cruost
and a true firn. Cvening
after the first warm day | --2.2] —6.4] 1.2
6 3.V 1990 Snow pool he- | Simall poo! in the after-
side remains of | noon of the first warmmday § 6.1, 2.0, —5.1
: snow-drift No. 5
T 1 V1940 Firn ice Compact dull ice from
under the last remains of
a snow-drift thawing in
a shaded spot +2.4) +0.3] —1.8

density, Eucken and Schifer (*) calculated the variation in density which
must take place with various ratios of the inilial and residual amount of ice,
and found that the order of these variations corresponded to the inerease
in density as found in natural glacier waters. The equation

e Payf m, N\ M May
ma’+m (71_(_’) T M, i+ma’

L

wherem, is the mass of HDO at any given moment; m,, and nig, are the initial
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amounts of the isotope kinds of water; M andM, arc the residual and the
,initial amount of ice, respectively; ¢ is a constant equal to

l
1+ zoe(TeT)]

1, heat of fusion of HDO; T, temperature of fusion of HDO has been deduced
by Eucken and Schifer theorctically and has not been checked by laboratory
experiments. The existence of a phenomenon complicating the process of
freczing may cause a divergence between calculation and experiment, namely,
the first portions of the waters which have thawed, may carry deuterium
in lower concentrations than those in the original ice, and in the further
course of the process of thawing these concentrations may increase at a morc
rapid rate than it would follow from the calculation. ' :

Several pieces of ice of a similar shape, obtained just before the experi-
ment, with a 0.1364 per cent dcuterium content, were placed in a funnel,
and the water dropping off was collected according tothe fractions. The melt-
ing of ice (general volume of water was 117.5 ml) proceeded at a temperature
of 17.5°, and continued for 3.5 hours. Separate fractions were cleaned by the
same method as the waters in Table 1, and measurements were made on the
interferometer. The data of these measurcments, compared to the calcula-
tion according tothe equation of Eucken and Schéfer, arc presented in Table 2.
A verification of the possible influence of theisotope O'® on the figures obtain-
ed has shown that its maximum effect does not exceed 2 v (overevaluating
the value obtained); thus, with a separate determination of the part of deu-
terium and of the isotope O, instead-of the last figure of the deuterium
content in the solid phase=18.5 y as given in the table, a value of
17.0 v is obtaincd.

Table 2
Change of concenfration of D with respect to the
‘ initial sample**
Volume -
Portion | of por- v * |According to cal-| Found in solid | Found in water
of ice | tion of 4 culation (solid resulting from
ice, ml phase} phase meliing of ice
% | % | v A
1 27 — — — — | = | —o0.0287] —25.7
I 6% 0.77 +0.0008) -+-0.7 | 4+0.0098| + 8.7 | 0 0082 + 7.3
111 15 0.22 +0.0024| +2.1 | 4+0.0109) 4+ 9.7 | +0.0099 - 8.8
1v 11.5 0.099 | 40.0076] +6.8 | +0.0.08] +18.5 _ -

* Here the ratio of the remaining amount of ice to the initial one is denoted

in the same way as in (%%). This denotation corresponds to the M[M, ralio as
given by Fucken and Schiler.

f** The value of the original sample calculated from those found for separate
portions of ice is 0.1375 per cent. The figures in the last column are taken with
respect to the value 0.136% per cent found experimentally.

_ In nature, the process of thawing may take place under various condi-
tions. (1) Thawing may occur, as it takes place in the experiment given
in Table 2, with a constant flowing off water. Such is, for instance, the melt-
ing of icicles, and in some cases, the thawing of small glacier masses.
(2) Still more frequently themelting picce of ice is in permanent contact and
equilibrium with the water formed upon melting. Such is, e. g., the melting
of river ice and in general the thawing of the ice of various water basins.

An experiment was carried out also with ice melting under these latter
conditions. The ice, containing 0.1130 per cent D, was melting in a vessel,
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in which algo the water formed remained. The temperature of the experiment
was 17.5%: the thawing of ice (Lotal volume equal Lo 134.5 ml) procceded for.
3.20 hours,
Tables 2 and 3 show a tolal lack of ¢ ummd enee between the experimental
amd calculated data. Inthefirst portions of the water formed from the melt-
ing of iee the deuterium concentration is considerably lower than in the

Table 2

Chonge of concentration of D wilh respect o Lhe
ini hd] samplo

\Volume T

Portien  of pop. T According 1o eal-| Found in solid ~ Found in water
of iee lien of 4 calation (salid § * resuliing from
ice. m! phasci : phase melling of ice
I
. . f o E - v § ~
_ e - : .
borote b — - | - | - —  P—0.0213] —19.2
i o0 0.776 1 10,0005 $0.% | =0.0020) - 1.8 ! --0.0018] + 1.6
{1 28 0135 | 000810 2.7 R0.01150 410.2 | 00105 + 9.%
1Y 1.0 623 20,0008 54 1005 126 . 0 — 1 —

origrinal sample. Purther on the inerease in concentration proceeds at a con-
siderably higher rate than il is required by caleulation. However, if in
Table 2 the l'lgm es obtained be referred not 1o the original ice bul to the
concentration oblained after the remaval of the first portion of the liquid,
the value found for the last portion of ice will be found to be much nearer
the calculated one (9.8 + instead of 6.8 vy, which approaches much nearer
the value calculated, especially if the experimealal ervor of 42 ¥ be consider-
ed}. In this way, the decrease in the deulerium content is as it were partly
«emoved» upon the removal of the firsl quarter of the total water.

The case 1s different 1n Table 3: here in the serond stage of melting too
the deereasse is stitl Telt strongly. although the incremnent of concentration
of 13 in this case also exceeds the calculated one.

fn thiz way the composition of the watersresulling from the melting of ice,
as far as their denterium conlent is cuncerned. is found to be different,
according  to the stage of melting (strongly diminished in the first stages
andd inereased in the last slages); the lower deaterium content in the first
stages persists for a longer time, if the melting takes place in contact with
the waler due to the melting. The inerease in Lhe concentration of deuterium
in the solid phase proceeds ab « much more rapid rate than it could be expect-
od from the ratio of the initial and residual amount of ice.

The W. 1, Venadsky Labortory of Geochemient Problems. ree :vul
Acitdemy of Scienees of the USSEL U H 1041
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k3

BIOCHEMISTRY

DAILY VARIATION IN THE ACCUMULATION OF ASCORBIC
ACID BY LEAVES AND FRUITS OF ACTIVE AND INACTIVE
SPECIES OF WILD ROSES

By M. A. ROSANOVA
(Communicated by A. A. Richter, Member of the Academy, 15. IV. 1946)

In our study of the daily variation in the accumulation of ascorbic
acid by leaves and fruits of active and inactive speeies of wild roses
we have been guided by the [ollowing idea: (1) we wished to 'find out,
whether the variation in the above process had a definite daily course;
mg %

1200+ /

090

800

Il
i
‘
]
’

‘ ! , : L : ! L &0 . L L . L L 1
50&6. g 158 a X 3 bours G 9§ 12 15 B A4 3hours

Yo e, 1ANT; D13 VI T, Rosa clinamomes; 2, R. pomifera;
3, I. spinosisstma; 4, R. mulliflora,

(2) whether active and inactive species of roses differed as to their rate
and intensity of accumulation of ascorbic acid; and (3) whether it was pos-
sible to trace any relation between the daily course of the process in leaves
and in fruits.

In the literature we find data on the scasonal variation in the content
of ascorbic acid in theleaves and fruits of certain species of roses; but we
failed to discover any data bearing upon the daily variation of thesame pro-
cess. :

Analyses of the daily content of ascorbic acid were carried out in four
species: Rosa cinnamomea 1. (average content of ascorbic acid per dry weight
in the pulp of the fruit, in mg per cent, 7632); R. pomifera Herrm. (6449 mg
per cent). Among inactive species investigated were R. spinosissime 1.
(1714 mg per cent), and R. multiflora Thunb. (657 mg per cent), The content
of ascorbic acid was determined by titration of acid extracts with Tilmans’

I
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mdicator, 0.001 .V solution of 2.6-dichlorphenolindepbencl. The analysis
was repeated 8 times daily, beginning with 6 a. m. every ith hour. A totul
of four such daily analyses of leaves have been performed within the summer
season. and 3 daily analyses of fruits. Theanalyses weremade at the follow-
ing development stages of the plants: 1. on June 14, budding; 2, July 13,
end of blooming and young fruit; 3. August 17, ripening fruit (stages 11 and
H1): 4, Septemmber 7, almost or culirely ripe truits (stage 111 and 1V). The
stage of ripeness was determined from the eolour of the fruits: stage I, youny
fruits directly alter the end of blooming; 11 shightly colonred fruils, red
fruits in Hosa spinesissima; 111, orange or orange-red fruits, dark violet
in It. spinosissimas; 1V, red fruits, black in R, spinosissima. Leaves and fruits
from the same shrub were used for analysis.

Curves of Fig. 1 and 2 illustrate the daily variation in the rate and inten-
sity of aceumulation of aseorbic acid in leaves: curves of Fig. 3, the course
of this process in the froits. The amount of ascorbic acid acenmulated s given

%
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b it/ 3
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55 10 15 o i D fours 5§ 7 17 75 5 A H 7 hours

Figs 200, 17, VI &0 700X Denotation same a5 in Vig. 1.

in my per cenl per dry weight of the leaves ar pulp, respectively. The data
of the analysis of fruits (17.V 1) are omitted. for they differ but slightly
from those oblained on September 7.

The examination of the curves illustrating daily variation in the accu-
mulation of ascorbic acid by leaves and Iruits permits of the following con-
chusions:

t. AL the phase of budding (14.V 1) Rose einnamomea, which is the spe-
eies showing the highest content of ascorbic acid in the fruit, has the lowest
content of ascorbic acid in the leaves; the highest prace is assumed by the
curve for R. pomifera, whichstands next astoits activity. The corves of the
least active species. R. spinosissimae and R. multiflora, assume an interme-
diate position, At the end of flowering and setting of fruits (13.VI]) the curve
for R. cinnamomen is interlacing with those for other species, but in general
it runs above them. The curve for the active species R. pomdifera and that
for the inactive R. multiflora are close to each other; the lowest place Is assu-
med by that for £, spinosissima. At the phase of ripening of fruits of the
i1 and 111 stage (17.V111) the curves illustrating the variation in the accu-
mulation of ascorbic acid in leaves are arranged in the order of the activity
of the respective species as Lo Lthe accumulation of ascorbie acid in the fruits.
The uppermost place is assumed by the curve for R. cinnamomed, the lowesl,
Lhat for #. multiflora. Al the phase of ripe or nearly ripe fruit of the 111 and
1V stage the curves run close to each other again, and begin to interlace with

o
1 AN
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cach other. R. cinnamomea and R. pomifera oceupy the first places; the corves
for R. spinosissima and R. multiflora pass nearly at the same Jevel.

2. The run of the daily variation in the content of ascorbic acid in the
Jeaves shows that the least content of ascorbic acid in the leaves usually
corresponds to day hours, occasionally even a sharp depression can be f)hsor-
ved, as for example, on August 13. At morning hours and especially in the
evening the content of ascorbic acid shows an increase. _ .

3. The curves illustrating the daily variation in the accumulation ol ascor-
bic acid in leaves do not coincide with those for the accumulation of this
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Fig. 3. @, 13, VII: b, 7. IX. Denotalion as above.

acid in the fruits. A certain coincidence can be observed at the stage of young
fraits only (13.VII).This circumstancemay possibly be dueto the fact that,
in spite of a careful visual selection of the fruils to be analysed, the fruits
of the same stage of ripencss may differ in quality, which prevents from
establishing the real run of daily variation in the content of ascorbic acid
in fraits. According to Zepkova (), the content of ascorbic acid in the fruits
of Rosa sp. shows an increase towards the noon, but our data do not corrobo-
rate this obscrvation. :

t. At the stage of green fruits (I stage) the content of ascorbic acid in
active species exceeds that of inactive ones., The curves for the active species
(1. cinnamomea and R. pomifera) are interlaced, however, and do not coin-
cide with those for the activity of these species at the stage of ripe
fruits, .

From what has been said above the [ollowing conclusions have
to be made:

1. The curves of the daily variation in the accumulation of ascorbic acid
in leaves demonstrate a decrease in the amount of ascorbic acid during the
day hours, reminding the curves for the daily run of photosynthesis. The
only difference consists in that the curves of variation in the content of ascor-
bic acid tend to rise at evening hours. The latter circumstance is evidently
accounted for by the fact that the accumulation of ascorbic acid continues
at the expensc of the sagars already formed. The existence of a definite rela-
tion between the accumulation of ascorbic acid and the process of photosynth e-
sis has already been assumed by several authors (4,2,5,°). Lvov, Gutzevich
and Panteleyeva (*) believe thisrelation to be an indirect one, realized thr ough
the intermediation of the sugars formed in the course of photosynthesis.
We will not enter here into a discussion whether this relation is a
direct or an indirect ome, hut shall merely state that it is traceable,
indced.
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2. Active and inactive species differ in the accumulation of ascorbie
acid by their leaves in that the former show a more intense accumulation °
of ascorbic acid in the leaves at the phase of fruit ripening (stages 11 and I11).
At this phase we observe a complete correspondence between the content
of ascorbic acid in leaves and in fruits.

3. No correspondence hetween the daily variation in leaves and fruits
could be established, becuuse of the different rate of ripening of fruits on the
shrub, and of an insufficient accuracy of the visual evaluation of the degree
of ripeness of the fruits.

The Ali-Union Institute Received
of Vitaminology. 13, 1IV. 1946,
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BIOCHEMISTRY

PROTEINASE IN PLANTS AS AFFECTED BY BIOGENIC
STIMULANTS

By A, ¢. TOSHCHEVIKOVA
(€ommunicated by A. A. Richler, Member of the Academy, 20, III, 1946)

The influence of hiogenic stimulants tending to enhance the activity of
catalase has becn observed by Blagoveshchensky and Kologrivova (). It
appears reasonable to assume that other enzymes may likewise behave in a
similar way, and the so more so as this has been conclusively borne out by
Chikalo’s experiments with the proteinaseof germinated cotton-plant seeds ().

The investigation here described was carried out with purified prepara-
tions of the proteinase of germinated sceds of Phaseolus aureus Roxb., which
had been obtained in two different manners. The seeds were allowed to ger-
minate at a temperature of 20° Cuntil they were 4 days old, after which the
lot was scparated into two portions. Onc of these was at once ground with
water, with the purpose of extracting the enzyme; another was kept for
10 days at a temperature of 3—7° C, after which it was treated in a similar
way. The homogenecous pulp obtained in this way was kept upon addition
of toluene during 18 hoyrs at room temperature, thoroughly squeczed out
with the aid of a press; the enzyme was then extracted during 3 days at a tem-
perature of 30° from the residue added sodium sulphide or cystein, with a
triple amount of a .40 per cent ammonium sulphate solution. After this the
extract was filtered off, and the ballast proteins were removed by adding
ammonium sulphate up to a 40 per cent saturation. The precipitate was
filtered off, and the content of ammonium sulphate in the liquid was brought
to a 80 per cent saturation, with a pH cqual to 6.4. The precipitates thus
obtained were collected on the filter and dried over acetone and ether.

The pulp prepared with the shoots of Phaseolus awrens Roxb. thus cooled
and treated in-this way gave 15 g of the enzyme preparation (from 850 g
of sceds), while the portion which had not been subjected to chilling (from
200 g of seeds) gave4 g of the enzyme. The preparations proved readily soluble
both in distilled water and in buffer phosphate, with a pIl equal to 5—9.
Their isoelectric point corresponded to a pH of 4.7. Both preparations showed
a biuretic, xanthoproteinic and mylonic reaction for protein. Their nitrogen
content attained 18.32 per cent, being higher than that of preparations
from Asclepias speciosa Torr, which was found to contain 16.5 per cent (%),
or of the commercial preparations of papain (15.5 per cent). Such a high nitro-
gen content is of no uncommon occurrence in vegetable proteins, however.

The strongest splitting influence upon phaseolin was found to correspond
to pH values ranging from 5.8 to 8.0. In agreement with the terminology
adopted for proteolytic enzymes of plant origin, the protcinase extracted
by the present author from Ph. aureus Roxb. should be given thename of
«phaseolainy, and classed together with papain, bromelin, and yeast protei-

nase. -
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I order Lo compare the effect of the two preparations. as well as their
response Lo the influence of biogenic stimulants, portions of the preparations °
weirhing 0.2 g weresolved in 15 ml of phospliate haffer solution, with a pil
equal 1o 6.6, and mixed with 10 ml of & % per cent phaseolin solution, pre-
pared from seeds of Phaseafus aurens Roxb. Inoone set each flask was added
Smbof aselution of hiogenie stunnlants, prepared with a chitted pulp of shoots
of Pl wnrens, aceording Lo the method deseribed in a note by Blagoveshehen-
skv and Kologrivova (M), Bach control flask was added 3 ml of water. Be-
~tdes this. each flask was also made to contamn 3 ml of toluene.

The flasks containing experunental solutions were transferred to ther-
mostats: Lhe one set was kept ab 247, another. at 34 C. In the course of the
experinents the temperature of Lthe thermostat Tluctuated within a range
of = 107, The work of theenzyine was evaluated hy determining the nitro-
gen of free aminu-groups by van-Sivke’s micromethod. The results are swn-
med ap oin Tables 1002 and 3.

From Table 1 it may beseen that at a temperature of 257 C the effect of the

Table 1

Aetlivity of Phaseolain Preparvred with tnchilled Shools

Gl P ¢ as Affected by Biogenje stimulants
Period of Nou stimulant : Stimulaul added
cxpusure o T ' ’ L - Ul 4: , e
enzvme, in Ne-Nlfy. i fHerement e N NH,, in, Invrementdoog g

e Ne-NL in N--NIi,,

Cadiys

g inmg ¢ inital . 1Yl in my initiul
i .oy tun LN — 1 LU
| . - _ - R T 1
2 h XY 1.u6 124 RURTHY [F AR ; 2054
E 3.0 1.o6 13 G20 .31 (B R )

stimulant is sharply Lo increase the setivity of phaseolain, the cleavage
reaching its maXimum as soon as after two days. Still more illustrative is the
work of thestimulant at 31 C. for this tem perature proves to be unfavourable

Table 2

\ebivity of Phauscolain Prepared with Luchiltled Shoots
DU as Affected by Bivgenic Stimulants
. No stimualant stimmulant added
Porimd of .
ON sy - s n | % ]
fo enzvine, © N—NH lncrement ot N—XIH,, in ".!m.' ement oo, to
Lo T N=NHe oL .u\"mnye_,wl
i oaduys v gz . oy initial my in mg | initia
: }
1) R R Tosis 4,03 ; - E 10
] AT u. 36 1is RN h.13 230
2 4.52 th. 54 10 ) U, o9 L5066 .} 2%

for the enzvme prepared from unchilled shoots, when tested without any
stimulant. ,
. . .
Ihe action of the enzyime al o1 wead
Lion of Lhe stimulant produces a stabilizing effect,
attaing its maximum within no more than one day.

Cis weaker than at 24 C. while an addi-
andd protein cleavage
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Tn a pulp prepared with chilled shoots activation of the enzyme takes
> place during the very process of cooling. The addition of the stimulant fails
to influenece the enzyme in any way, neither acceleration of protein hydroly-
sis nor increasc in resistance to higher Lemperatures being recorded.
Similar phenomena were observed by Blagoveshchensky in catalase
of chilled shoots of cucumber (*); these phenomena assume particular import-
ance in the light of theviews professed by this writer as to therdle of tempo-
vary chilling of plants in the development of varieties resistant to extreme
life conditions.
Tt is of interest to note thal under the influence of an enzyme preparation
made with chilled shoots the cleavage of proteins proceeds much slower than
' ’ Table 3

Activity of Phasealain Prepared wibth Chilled SBhoobs as
Affected by Biogenic Stimulants
o No stiwulant Stimulant added
Tempe- Period of | ————\ - '*'7—"‘ T I
i fupes | GXPOSUTC  [n Ary Tincrement | o T Increment | of
rature, N—NIi,, | tnerement o on 40 | N-NTI, e to
ot to enzyme, " P NN, \ Nl N—NIL, | 7 |
in days in mg in mg initial ;l in mg in mg initial
|
2 il 3.93 — 100 3.93 —_ 100
1 6.76 2.83 172 7.75 3.82 197
3 17.4£3 13.50 A5 16.82 12.89 &30
e 0 2.93 — ’co 3.93 — 100
: 1 ].32 h Mo 214 8.25 4,32 210
5 53,69 19.76 628 22,47 18.54 570

in the case an enzyme preparation obtained from wnchilled shoots is used.
The study of the cause of this phenomenon is now in progress.

The figures tabulated above make it evident that in thgcase of prolonged
chilling of a paste prepared with shoeols of Phaseolus aurens Roxh. down
to 3-—7° C, they form some substances tending to enhance the proteolytic
ackivity of the enzyme phascolain, which is contained in these shoots. An
increase in the activity of the enzyme is likewise obscrved when an enzyme
pr.epared with unchilled shoots is acted upon by a preparation of biogenic
stimulants, freed from proteinic substances and heated during 30 minutes
in an autoclave at a temperature of 120° G. Inthe course of this process the
resistance of the enzyme to higher temperatures is likewise increased.
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20, III. 1946,
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AGROCHEMISTRY

ON THE ROLE OF PHOSPHORIC ACID IN THE ACCUMULATION
OF ESSENTIAL OILS IN THE LEAVES OF OCIMUM CANU M

By M. I. KALINKEVICH
{ Communicated by D. N. Prionischnikow, Member of the Aeademy, 18. IV, I.‘Jel(f)

Many physiological functions of the cell depend on the presence of phos-
phoric acid and of its compounds. All important processes of the formation
of the molecules of the various enzymes, respiration and fermentation arc
intimately connected with phosphoric acid. An important part is played
by phosphorus and by its compounds in thereactions of carbohydrate exchange
in the plant organism (* 5.

Processes leading to the accumulation in the Dlants of reduced substances
of the type of fats or rubber are also connected with phosphoric acid (°,7).

This réle of phosphorus is very important in the case of plants yielding
essential oils, whose valuable product consists of reduced substances,

The influence of phosphorus upon the formation of essential oils in the
leaves of Ocimum canum Sims was found in our experiments of 1938—-1939
to differ, according to the conditions of nitrogen supply.

The 1938 experiments were conducted on water cultures. The plants of
Ocimum canum were grown in modified Hellriegel’s mixture under identical
conditions till the 5th of September. Different conditions of nitrogen and
phosphorus supply were created during the period of mass bloom, from 5th
to 25th of September (Table 1). '

The plants werc harvested on Septernber 25, and their leaves were ana-
lysed: the essential oils were determined after Ginsberg (1); sugars, after
Bertrand; and nitrogen, after Kjeldahl (2.

Replication was a four-fold one. Average figures were derived from two
‘Parallel determinations referred to air-dry matter. '

Table 1

- . Essential oil Sugars; 9, Nitrogen, 9,
Conditions of }Vlel,ght | T

nutrition, from (° fe;wes cm® per | Roduc- | Saccha- | Non- S
51X to 25.1x | 01 100 | of 100 . .| Protein

: -t plants, g plants ing rose protein
| .

IN2P .. ... w518 | 5.5 90.29 ‘ R8s | 0.4 0.58 273

INY,P. .. .. | 1589.7 | #.17 | 66.90 I 5. i 1.02 0.83 1.10

1/2N2P, c e J 966.6 2.80 27.08 | 3.58 1.46 0.56 #51

Y NY, P L ' 1720.9 | 4. 62 79.61 6.79 ]1 1.05 0.7.9 784

_ A_s‘m‘ay be seen from Table 1, the influence of the amount of phosploric
Imtrition at the phage of blooming varies with the surrounding. conditions,
in our. case, with nitrogen nutrition. :

-
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e inerease in the dose of phosphorus from 7 to the double in the Hell-
riewel mixture with an inereased nitrogen supply (double dose) was followed *
by an increased content of essential oils, reducing sugars. whereas the con-
tend of saccharose, non-protein and protein-nitrogen showed a decrease,

With a redured dose of nitrogen (') the effect of phosphoras upon the
aceunradation of essential oils and sugars appeared to be an opposite one.
An inereased supply of phosphorus (2 doses of PA)) with a simmultancous
decprease in the dose of nitrogen cansed g decrease in the content of essential
otls il redueing sugars, aid an ereased amonnt of saccharose.

The eaperiment was repeated in 1939, Differences in phosphorie nutrition
werse ereated from Avgust 3 Ll Seplember 30 befare this period all the plants
were similarly grown in an enriched mixbure containing 3 doses of nitrogen
and potassimn of Hellriegel’d mixtare, The plants were harvested during
the period of mass blooming (3.1X;. /. . they were physiologically younger
al the moment of harvest than in 1938 experimoent (Table 2.

The results of this experimeént sapport those of the 1938 studies. With
roduced nilrogen supply. phosphorus accelerated the process of ageing.

Table 2

Essential oil

Type of autrition. from
SNHE to HEN

Warght of .
lestwes of 100 - .
vlants. i ! o

cem® per oo

P plants
o 1 [N .. B a2
A T L T [ EU AN Lioow.dd ;o LB 2

I our experiments this was manifest i the cessation of leaf growth and in the
sharp decrease in their essential oil content. This way be taken to account
Tor the fact that the offeet of phosphorns varies aceording to the ntrogeun
arpphy in practical application of fertilizers.

It has beon establishied in practical work that  phosphorus aceelerates
the process of plant maturation. This was observed. however, only in case
anall doses of nitrogen fertilizers were administered, Where great doses
of nitrogen were given, additional phosphoric fertilizers may probably
rexailt in a slower maturation and in longer growing period.

In order Lo investigate in more detail the influence of phosphoras upon
the provess of aceumulation of essential oils, upon the carbohydrate agud
bitrogen-exchange, experinents were arranged in 1910 on v acuum mf:llr_utn_on
of <alls of phosphorie acid into the Jeaves of Oeinium camon. For the studies
were Laken leayes. Lhe fiest upper pair from the branches of the 2nd urd_or.
The feaves were fully des eloped: the plants were at the stage of the furmation
of the flower bids or blooming, The leaves were taken fru(_n-tlw plants at
Go 10 4. m.. in sunny weather, Each pair of leaves way divided into two
samples. amd cach leaf split lengthw e into hah es: the ry«‘ntrul veimn was
disearded. Four samples were thos obtained, weighing from 80 Lo 100 ¢ each.
Two of them were used for the water control, the remannng two being infilt-
pated with a 0.03 & solution of K1LPO The teehnique was lhat‘ llS(‘d by
Sipirnos and Sheherbakov (3). The duration of }hv eaperiment was .Zu‘ hours;
the resulls are represented in Table 3 (all the figores refer Lo ubsolutely dry
mldlln(llr’c;dnrliuu into the leaves of Ucimam of a sulnl'n.m of KU,P()} \\'u:«s'
accom panicd by an serumulation of egsential ol of reducing sugars, slightly
reduced saceharose fraction.  No o influence of phosphorus upone nitrogen
eachange could be noticed. Additional experiments on v §(-1lun1 -n“}t‘rstt;”,‘;
of polassium salls into the leaves of Ocimunm caniin hauf S.h(ll\\l.l'fxlld‘ii 1t
physiological effect of K 1LPO, should be attributed to phosphorie acid.
-
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Conelusions. The physiological effect of phosphoric acid contained
1 the leaves of Ocimuwm camwm in the process of the accumulation of essen-
tial oil, of sugars and nitrogenous subslatces varies as to the conditions of
nitrogen nufrition,
1. With an increased amouant of nitrogen, phosphorus increases the quan-
Table 3

|
! .
4SO - Suuurs, 2/ Nitrogen, 9%
) ’ Inliltra- I.,:\_en ’ e ’ ?
Daic , Lial oil, — e
tion o Ledue- | Saceha- | Total Non- Pro- | i
: ng TOSC sugar | protein lein
|
19 VI T1,0 10.60 | 272 | 1.06 .78 0.87 | 4.78 | 5.65
KI1t,1°0, 11.06 3.40 0.41 R.81 0.86 £ 7% 5.60
2.IX i]fg() 8.80 8.6% 1.65 10.28 0.79 3.72 1 4.5
[ KIL10, 10.38 9.07 1.50 10.57 0.80 3.71 | A.51
11.IX y 11O 9.97 h.86 6.78 6.64 0.9% 4. 59 5.53
i KH,10, ©10.85 | 7.0k 0.08 .02 1.01 %68 5.69
| i j

tity of cssential oils, whercas a reduced amount of phosphorus decreases
the yield of leaves, and impairs the quality of the latter.

2. With shortage of nitrogen in the nutrient medium, a more liberal
phosphoras supply reduces the yield ¢f leaves and the pereentage of essen-
tial oils contained in them; a reduced dose of phosphorus under such condi-
tions increases the number of leaves and the relative amount of cssential
oils in them. :

3. The accumulation of essential oils in the leaves of Ocimum shows a
positive correlation with reducing sugars. The presence of an increased
amount of reducing sugars in the leaves is accompanied by a greater refative
amount of essential oils.

4. Vacuum infiltration of a solution of KII,PO, into tle leaves of Ocimum
canin ab the period of blooming in experiments lasting 24 hours increased
the proportion of the cssential oils and of reducing sugars, with a certain
reduction in the saccharosc content.

The W. A, Timiriozey Received
Academy ol Agriculture. . 18,71V, 1946,
Moszow.
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THE POST-PLEISTOCENL AGE OF THE EAST CARPATHIANS

By V. Y. BUTZURA
(Commuiicated by D, S. Beliankin, Member of the Academy, 3. VI. 1948)

It is usually believed that the East Carpathians had been formed during

the Tertiary and that in the Miocenc they already had the nature of a high
fand, which has been since subject to a destructive denudation by exogenetic
factors. A study of the river steps (terraces) and their remains in the valley
«f the Transcarpathian Ukraine, irrigating the Transcarpathian south-
western slope of the Fast Carpathians, leads, however, to different conclu-
sions as to the age and development of these mountains.

One of the most characteristic features of the relief is its relative height.

Below are given the principalresults of a palaecomorphological investigation
of the Transcarpathian region of the East Carpathians, which are concerned
with the increase in the relative height, and the regularities underlying the
development of the East Carpathians, which follow from these data.

On the south-western slope of the East Carpathians in the basin of the

mountain river Tissa (1), between the river level and the highest flat-
tened parts of the high-mountain arch are developed remains of river steps,
shelves, and chiefly their homologues. From a study of these forms of relief
in the longitudinal profile of the valley of the Tissa, traces of river stages
have been found which may be reduced to the following system scrving as
aworking hypothesis: I, the lowest step referring to the Holocene represented
at some places by tworows of terraces; Il and I11 steps and the corresponding
shelves, to the Upper Pleistocene; IV step and its shelf, to the Middle Plei-
stocene; V step and shelf, to the Lower Pleistocene; VI step and its shelf
(Guntzian) and VII step with its shelf, to the Pliocene. Higher up, flaticn-
ed. forms of the upland arch, referred to the residual plain which formed
during the Pliocene and possibly began to form as carly as in the Miocene.
it represents the VIIL step.

Data on the steps and shelves in the valley of the Tissa River show in the

first place that the relative height of the IBast-Carpathian highlands in the
profile between the chief divide in the north-east and the Pannonian depres-
sion in the north-west increased not with a gradual rise, but stepwise.

The oldest of the periods of growth of the highland established belonged

to that age of the Pliocene when the residual plain of the upland arch had
finally formed; the recent plane of the latter is now 300—400 m lower than
the highest summits of the recent highlands. Vast flattened stretches of the
residual plain, which would be more correctly termed a peneplained shelf,
show that the relief of this generation of the landscape was amild one and
was very slightly dissected, and that the upland at that times presented
a somewhat raised, nearly flat shelf, gently convex following its transverse
axis. The maximum heights of the shelf were along the line cf the mountain
groups Chernogora—Polonina Rovna, south-west of the present main divide
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of the East Ciu*pal'hians. The valleys of this landseape were vast and had an
msignificant gradient. while their slopes usually did not exceed 100 1.

There s no evrdence of a mountainous character f this generation of (he
relief, \)}niv thedata availableare in conflict with such an idea of the tand-
seape. .lh(* fact is ”n.it wivder conditions o«f a mountain character f this
generation of the relicf, deep vallevs should have developed. conneeting
the central parts of Lthe highland with the fringe of the lowland foothills
of t!u- m‘mmlauu svstem. the gradient of the valleys deereasing in the course
of time from the Pliocene to the Holoeene, As a matter of fact. there are no
data pointing to the presenceof deepvallovs in the Pliocene, while the svstem
of valley steps dexeloped after the peneplain shelf had formed is evidence
of a progressive increase of the gradient in the course of time from the Plio-
cene Lo t‘ho Holoiene. The hypothesis «f the formation of the residual plain
of the East Carpathians by a destruction of the upland relicel in Lhe sl.)hi'r(’
fef th' upper denodation fevel (as understood by A. Penk) thus becomes
mvalidated. The data on the valley steps permit of @ most natural explana-
Lo of ibs Tormation by o peneplaining denndation of the relief by running
waters, under conditions «f low relative heights, )

After the peneplaination of the shell. the valleys were deepened by 200 m.
and then the VI valley step was worked out. The relative height of this
gencration of the landseape inereased to 600 m. and consequently did not
vet attain the value characterizing the highlands, The rivers of this period
of development of the highlands were confined to wide valley lowlands.
The geographival distribution «f the remnants of the VIT valley step indica-
Les that st that Lime in the landseape predominated (steuctural) longitudinal
valleys of tectonie origin with o 8E - NW rend, while small scalptural
transverse valleys playved a subordinate part. At this period the shelf was
transformed into mountains of medium height with an undulating relief,
the chief elements of which were stenctural longitudinal mounlain ranges
anel vallevs cof a similar tvpe,

Similar conditions existed also at the end of the Guntzian. when the rela-
Liv ¢ height of Lhe upland reached 300 m during the formation f the Vivalley
step. Owing to an increase in the transverse gradient of the highlands. how-
ever, in the Guatzian transverse rivers became more strongly developed.
and an mtense  struggle for basins began  hetween these and longitudinal
rivers.

A new uplift caused a deepening of the vatleys by 20070 Vo the level of the
V valley step. and the relative height of the highland inereased to 1000 m
by the end of the Mindelian. The struggle between transverse and longitu-
Hnal rivers berame very intense. The highlands at its extreme points reached
the mitme relative height characterigtic of high altitudes. On the average.
however. the relative height was less than 100 ., and no deep valleys with
steep slopes, typieal of high altitudes. had so far been worked out.

Howas not until the Rissian age that an altitudinal landscape of the
highiands was created after the folded structure of the East Carpathians
had been raised again in an sbrupt leap, and the relative height of the relief
at once reached 1300 m. I this ave the displacement of longitudinal rivers
by Lransverse ones was complete: the transverse rivers finished to cut out
{ongitudinal mountain ranges by retrogressive crogion. Having a large gra-
dient. they dissected the ancient longitudinal valleys, transformed into
subordinate stretebes of the valley network. Thus, in'the Yandscape a predo-
minance of sculptural transverse valleys mmstead of structural longitudinal
ones was established. as a result of which the longitudinal type of dissection
of the highlands was replaced hy a lattice typé.

The Rissian uplift was followed by vigorous Witrmian elevations, when
the transverse valleys were strongly deepened and the relative height of the
highlands increased to 1700 m. In the extreme upper course of the Tissa
Raver it differed but slightly from the present relative height of the highlands,

Hab
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which has increased there only to 1715 m. Owing to a fuether development
of the network of transverse valleys, some longitudinal ranges were comple
tely destroyed, and the highlands began to assume the type of transversce
disscction, the first signs of which were manifest at some places in its m argi-
nal portions. o
The data on the increase of relative h eight cited aboverefer to the indi-
cated profile of the territorially restricted Transcarpathian region ¢f the
East Carpathians. The fact that the same process of morphological develop-
ment was common both to the sonth-western and the north-eastern sl ope of the
highlands is heyond any doubt, however. This is indicated by thé fact that
an age correlative relationship is noted even betyween the system of terraces
of the basin of the Tissa River and of the Podolia Dniester *,%). The process
of the geomorphogenesis common to hoth slopes of the IZast Carpathians pop:
mits of the conclusion that the development of relative height, the general
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Schemalic curve showing inercase in
réelative heightof the East Carpathions
during the Pliocenc and Quaternay,

feabures of which have been presented above, is characteristic of the Carpa-
thians as a whole. , o

This enables us to plob a curve showing the increasc in the rolative height,
of the East Carpathians (figure) during the period from the age of the P?lip-*
cerie when the peneplained shell was Formed, 10 the Holocene, O the ordi--
‘nates the present height range of the high mountainous country is pub at
anity. On the abscissae time is plotted. The curve has been ¢onstructed from
the average data on the increase in the relative height during the phases
of formation of separate shelves without cousidering the data on the deorea-
ses in height, which might have taken place during the phases of formation
of the terrace steps.

From the curve in the figure it may be seen that at the period of Lime
characterized three main periods («yclesn) of development of the 1Bast
Carpathians can be distinguished. The first of these terminated at that age
of the Pliocenc when the East-Carpathian shelf was. subject to' peneplaina-
tion, which transformed it into an almost plain elevation, The sccond periad
embraced the time from the age of formalion of the most ancient shelf and
the VIIvalley step to the Mindel-Rissian age. The third peried characterized
the time from the Rissian age to the Holocene, when the East Carpathians
were very rapidly rising.

The levelling of the curve during the Holocenc prob ably reflects the subor-
dinate phase of a temporary slackening in the rise of the East Carpathians,
analogous to the phases which had been, also previously displayed. The short
duration of this slackening of elevation might be indicated by the general
nature of the curve and chiefly by its very intense intercept between the
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Rissian and the Holocene, rising very steeply upward. Tt would seem, there-
fore, that we are wilnesses of an intense mountain making, which has now
somewhat lost in infensity but, judging from the character of the curve,
must still be going on.

Suhordinate to the three periods of the major order are periods of a minor
order (lormation of shelves and terraces) with respect both to the duration
and the amplitude of elevation of the highlands. The duration of every suc-
cessive major-order period probably diminishes as compared to the preceding
one. Only the second period is reflected on the curve in its full duration. As it
will be seen, peenliar to the firsl phase of this period is the predominance
of elevations, and to the sccond phase (Mindel-Rissian), a relative quiescence,
or, more strictly speaking. a certain sinking of the highlands. It may be sup-
posed that an analogue of the second phase of the second period is the phase
of peneplaination of the Pliocene ghelf at the first period. The third period
of development of the East C.arputiniaus is analogous to Lthe first phase of the
seccond period.

The three periods of increase of the highlands are accompanied by three
sueressive. genetically closely related types of dissection of the relief. The
tongitudinal type of dissection of the Pliocene relief passes through a lattice
dissection, peculiar to the present Fast Carpathians. Lo a transverse dissec-
tion. diametrically in contrast with it. The first sigus of the latter became
noticeable by the end of the third period of development of the highlands
in some areas of its south-western and ab places also north-eastern border.
‘They may be the forerunners of a transverse disseetion of the Eust Carpathians
in the geological future. The disscection proceeds from the horders lowards
the central portions of the highlands. At the same Limme ils rate is mere rapid
on the south-western slope than on the north-eastern one.

From the data adduced above it follows that the types of dissection
of the upland relief are developing according to definite laws and have gene-
Lie series  of their own, one of which is that referred to above (longitudinal —
lattice—transverse), and that corresponding Lo the separate stages in the
development of the highlands are definite types of dissection of its relief.

The inference as to the Rissian age of the highlands of the East-Carpa-
thian portion of the Carpathian high-mountain arc, forming one of the moun-
tain systems of the Alpine tectogenesis, is of somewhat wider interest if it
be recalled to mind that all the data ontheother parts of the Alpine system
snggest with inereasing conclusiveness that their age is considerably younger
than it has previously been believed. It is particularly important to note
that the Great Caueasus did not acquire its high-mountain  nature until
the Rissian and Wiirmian ages, and that its pre-Mindelian () (in the writer’s
opinion, more ancient) relief had also been a strongly peneplained one.
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MINERALOGY

ON CALCAREOUS HEXAALUMINATE FROM ZESTAFONI (GEORGIA)

By D. S. BELIANKIN, Member of (he Academy, V. ¥V, LAPIN
and J, P, SIMANOY

The two first authors of the present communication, in collaboration
with Shumilo ('), observed some time ago in the Zestafoni high-alumina slags

obtained in smelting chromalwminimn highly peculiar crystallization of
alumiina, which seemed to proceed in the forms of Lypical corundum, but

showed al the same tinie two rather vnexpected features.
1o With a relatively weak birefringence, normal of corundum, the value

of N, varied within a more or less considerable range—from 1.746 to 1.764;

it will be seen that only Lhe upper limit corresponds in a measure to common
corundum. LT .
- A chemical analysis of the preparation which consisted almost enti-

rely of thegivenmincral, with a negligible admixture of the second mineral—
3-aluming, having Oblical constants familiar to us, showed a CaO content
up Lo 5.40 per cent.

At that Lime we lailed 1o arrive at any sa'isfactory explanation of this

phenomenon. Now thal we have resumed Lhe study of the problem and in the

ligrh

1t of additional informalion, more satwfaclory results could he obtained.
We have heen prompted to this additional study by a paper recently

publisiied by Filonenko (), dealing with (he problem of the crystalline phases
in a block of Cheliabinsk abrasive electrocorundum. In this block, accord-
ing Lo Filonenko, as a result of using in the smelting process low-grade
bauxites with 1—2 per cent Ca0, along with corundum calcareous hexa-
alummate, Ca0O) - 6A1,0,. was crystatlized, taminated as usuval (the so-called
B-alumina) but with peculiar  optic” charactoers: N,=1.757, N, —1.750;
Ny—N,==0.007, which are very far from the data on the opbic properties of

t.his) mineral cited in the literature () Ny=1.702; N,=1.667; N,—N,—
=0.035.

The hexaaluminate of Filonenko has partly corroded and replaced the

corundum of the biock, in a degree gradually inereasing in the direction
towards tlie base of the block. At the bottom of the latter, al its contact
with the hearth, it had completely displaced corundum of earlier crystalli-
zation, hut was accompanied by later corundum of the second gencration,
which filled the polygonal spaces between the lamellae of the hexasluminate.

While not satisfying the characters of hexaaluminate as deseribed in the

literatare, the optic properties of thoe mineral of Filonenko perfectly fitted

within our determinations made on the material from Zestafoni. Our inter-

est being aroused by this fact, we prepared thin-sections which were so far
not available from the Zestafoni material. Rather unexpectedly, instead
of one, two principal minerals appeared in these thin-sections: (1) typical
corundum and (2) hexaaluminate with properties of the mincral of Filo-
nenko. The first of these was in the form of slightly resorbed pegmatite-

poikilitic intergrowths in the |
P 4‘(), in polarized light). As quite negligible accessories, the following were

D¢

amellac of the second (cf. photomicrograph,

- . Acad. Sci. URSS. 1944, v, LIII, N: 6. 549
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observed: (1) traces of meial and spinel, and (2) exceedingly thin foliae of &
brightly polarizing nniaxial and negative mmeral, following the cleavage
planes in the hexaaluminate; this mineral from the tolality of its propertice:

Corundum intergrowths in caleaveous 3-alumina

strongly resembled more common B-alumina. The optic constanis of the three
uniaxial minerals named ahove determined by the authors are compared
bhelow:

o A, Ny -V,
13 Corundum . . [ — —
2% Hexaaluminate 1.792--1.760 —— —
Yy g-alumina ., 1.736 1.718 0.018

Neglecting the accessory admistore escaping precise evaluation, we have
calculaled in three scparaic thin-sections the relative volume quantities
of corundum and hexaaluminate, which are given below in volume per cent.

1sh thin- 2nd thin-  3rd thin-

P . Average

section section section
Corundum . ., . . . . 21.0 18.% 17.8 19.1
Hexaaluminate . . . . 73.9 81.6 82.2 80,9

Since, as it will be shown below, the specific gravity of cornndum exceeds
but very slightly that of hexaaluminale, it does not scem likely that the
weight per cent of the two minerals herediscussed would differ much from
the volume per cent. Approximately, the percentages will be 20 per cent
of corundum and 80 per cent of hexaaluminale.

In order to determine the actual quantitative proportions of CaO and
AlQ, in the composition of hexaaluminate, we have used a detailed chemical
analysis of the slag in question. It was subjected to a preliminary treatment
with hydrochloric acid, to remove the metallic admixiure from its composi-
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tion. The chemical analysis of the preparation thus obtained was then made
by V. A. Moleva, with the following results: Si0),, traces; TiO,, none; A1,O,,
7 92.85 per cent; Cr,0,, 0.04; Fe,0,, 0.07; MnO, none; MgO, 0.41; CaO, 6.13;
Na,0, traces; K,0, traces; S, 0.18; loss on ignition, 0.40 per cent.

Referring 20 per cent Al,0, to corundum and 1.05 per cent of the samc
oxide to spinel (0.41 per cent MgO to each), from the remainder we obtain
for hexaaluminate: 71.84 per cent ALO,--6.13 per cent CaO = 77.97
per cent, ‘and for 100 per cent aluminate: 9214 ALO,47.86 CaO,
instead of the theoretical 91.60.A1,0, - 8.40 CaO. As may be seen, the resnli.
agrees rather well with the microscopical determination and calculations.

The specific gravity of the bimineral slag here discussed (analysed pre-
- paration), according to the picnometric determination of Z. G. Khaustova.
with the use of alcohol, was found to be 3.92. Since the specific gravity of
corundum 1is 4, to find that of hexaaluminate, X, the following cquation
was used: (X X 80) + (4.0 x 20) =3.92 x 100, from which X =390, a value
very considerably differing from the onc obtained by Filonenko for her hexa-
aluminate (3.54).

- Because of a considerable dissimilarity between the optic characters
of the hexaaluminate of Filonenko and those of the hexaaluminate as deserib-
ed in the literature, she advanced the view that in this particular casc
“we possibly had a newmodification of Ca0-6A1,0, or of crystailine aluminans.
To verify this assumption the third author of the present communication
carried out a special X-ray examination of the bimineral slag in-question.

After the slag had been finely ground and elutriated, X-ray powdergrams
of 1t were obtained using an ionic tube of the Hadding type, with an iron
Larget, without filter in cameras with approximate diameter of {ilm-held-
ec 57 mm. On the photographs obhtainéd the following crystalline
phases were determined. . :

1. Calcargous hexaaluminate with parameters coinciding with those
for f-alumina of Lagerqvist (*): ¢ =5.536 A, ¢=-21.825 A. .

2. Corundum with parameters: @ —4,7524-0.001 A, ¢=13.02-+1.01 A
Comparing these values with those cited in the literature: a —4.749 A,
¢=12.966 A after Jay and Wilde (*), as well as with those obtained {his time
specially for the_artificial corundum of Popov (1): a =4.747 0,001 A,
¢=12.963+0.006 A, we find that in the corundum from -slag a slight expan-
sion of the. lattice has takem place.

In addition to the lines of these two principal phases, in the photographs
weak lines d =2.143 A and d—=1.349 A were identificd, corresponding to the
¢strong» lines of alkaline E-alumina of Brownmiller and’ Bogue (*). Other
possible lines of it were disguised by considerably stronger lines of the two
. preceding phases.

Simiiarly, observed on the photcgraphs was a hardly perceptible line,
corresponding to the strongest line 044 cf spinel: ¢ =807 A.

As aresult of the microscopic calculations supported by chemical deter-
minations, the above cited weights per cent of corundum and hexaaluminate
in the slag were found: 20 per cent of the form er, and 80 of the latter. It was
very interesting to check up the correctness of these values also by the X-ray
method. With this object in view, the third author of ihe present paper used the
method of comparing the intensities of two lines: (116) of corundum and
(222) of scdium chloride on the photographs of the following mixtures pre-
pared for this purpose:

I. 60%, Popov’s corundum + £0% NaGl. . . . . . 2
II. 289, » » +52% % .0 ... i,
II1. 829 » » +A8% 2 s e e . . 1

The figures at the end of each line express the difference in the intensities
of the lines, as evaluated by the 10 mark system, every time in favour of
corundum. Considering this difference in the first approximation to be pro-
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portional to the relative corumdom content in the mixtuwre corandum |-
Nalil, we arriv e ot theconcluston that in the Himisture, when caloulated
to 100 per cent corundum -- Na(Gl 52 per cent corundum & 48 per cent NaCl
. H‘ 32 -

<honll be contained, and to the actual 18 per cent NaCl, =5, 7™ 195 per
cont corundum. This is for a2 mixutre of 82 per cont slag - {8 per cont Na(l;

9.0 <10

and for 10O per cent slag. o - 23.8 per cent eorundum. With a rela-

tively low aveurary of evatuation of the intensitios of the lines, ete. the vesull
is fonnd to he in suffivient agreement with the data of mnrcm opy and che-
mical analysis,

From our brief communieation the following vonclusions mav be made:

1. What we have fopmerly termed Zestafont corundum, is artually a mix-
tare of corundwn with predominating caleareons hexaaluminate of Filo-
nenko. identical with F-almmina of Lagergvist,

2 Pata cited in the literature on the oplical characters of calrareous
lexaaluminale. which do not agree with those of the present authors amd
of Filonenko, have to be revised. The same is true of the sperific gravily
of hexasluminat e, the s aloe of which as given by Filonenko seems ta be loo
low (ef. in this connexion the history of the investizations of v-alumina (7).

3. stith another «3-aluminar, present in the Zestafoni slag as an insigni-
fieant admixture. alkaline according to X- -rav dita, has optical «]mra«tws
of its own, not quite sintilar 1o these given i the ttterature. Additional
my mt igations are necessary here too,

Al this is somuch themoredesirahle, sinee-—as shown by lhf' work of
ane nf ux in eollaboration with Shumilo (*).—in the molee ular composition
of ahuninates whose properties approximate those of «@-alumina the pro-
porfions obsers vd may be different from RO 6,0,

Heeoived
9. VII. 1044
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PETROGRAPHY

ON TIHE COMPOSITION AND PROPERTIES OF «VAPS»
By N. A. IGNATIEYV and A, M. KUZNETZOY
(Communicated by D. 8. Beliankin, M¢mber of the deademy, i. VI, 1946)

The study of «vapsy, to which an impetus was given hy the construction
of a water-power plant on the Kama River at Levshino*, is of geotechnical
and  scientilic importance because of the speeific composition, peculiar
structure, which have so far not heen deseribed for Permian rocks. and their
extensive distribution in the near-Kama region. The «vapsy enelosing len-
ses of eross-bedded Tine-grained sandstones and bands of limestones, are the
predominant rocks in the lower part of the Kazan stage, the so-called variegated
series of rocks. FExternally, they represent argillite-like «stony» pelitolites,
brown, dark-brown, grey and dark-green in colour. Their average chemical
composition and general characterislbics have heen given in an carlier note ().
The present paper contaivs a detailed discussion of the properties and com-
position of the «vapsy from the region of the sluice of the dam. . =

A microscopic study of plane-parallel thin-sections and polished scetions
has revealed that the rock consists of clastie graing, 107* £o 1077 em across,
cemented together with a disperse mass of an argillo-chloritic substance.
carbonates and ferric hydroxide. The grains of terrigenous  minerals are
represented by slightly rolled Feldspars and quartz, and are coated with
afilm of argilio-chloritic matter. Upon prolunged hoiling a considerable part
of the grains arercadily freed from the film, but still more if the rock is treat-
ed with the Seger methed. The clastic material which remains insolublo
in the form of a white fine powder consisting of acid plagioclases, potash
feldspars and quartz, makes up to 40 per ceulb of Lhe weight of the rocks.
Gonsequently, the structure of «apsy s characterized by the presence of
coarsely pelitic and finely alevritic clastic particles covered witl films
and cemented together with the above-mentioned materials inbo a homoge-
neous, non-bedded, stowe-like rock, capable of being separated into acute-
angular picces. In other words, the ey apsy possess a stirracture which combines
the polycrystalline and the filn Lype ol cementation. A direct acquaintance
with so highly distinctive a microsiructure of the rocks enabled Baturin ()
bo regard it ag being typical of 1he «vapsy. 'The preseul authors believe that
any otlier name (2) of the rock desceribed would not reflect its composition
Propertres and peculiaritios of struclure., : : -

The heavy fraction scparated from the rock makes up tenth fractions
,”‘f a per cenk, rarely 1°-2 per cent; it consists of pyrite and iron hydroxides.
I“he quantily of {ranspavent mincrals is extremely small; among them apa-
tite, zircon and garne, grains are encountered. The chomical composition
of l,'hul«\"aps»'aud its peculiarities are-illustrated by analyses of Lhe extreme
vartetles of the series, as shown in Table 1. )

. * 20 km novth of (he town of Mololoy, #( the point ol discharge of the Chussovaya
info the Kana.
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From an examination of the table it will be seen that the specimens
of the rock differ in the content of calciwn and magnesium carbonates, loss -
on jgnition, being similar in the closely approaching ratios: weight ratio
Si0.:R,0,, and molecular ratios, $10,:A1,0,+ Fe, 00 and 510,:AL0,. showing

o
Tabtle
‘ sSpeecimen No. Specimen No. 2
_ 0 Passed . .| Passed into
Lotupasis ¢ Sata anlu- Lomposi- solution
tion, -, i tion from = tion, o from 59,
! i a5, HGYL @, HCE @
RO, L C K R B 7 460 2.1
ALOL L. R D ! 6,96 12,68 | 0.8
Fegy o 0 0 0 0 L 0oL L, ! 1,96 { .19 D00 1.11
MnO . ..o L. Lo no g : 0 R a. IR
Mgy . . . . L L. N 063 A 413
Gal) . . . L L. L. e e e BT R N 0 : es 10 A
| N 2 ; PR B — : 1.56 —
Nagllbo oL L L. e .20 - : 1.46 —_—
N e e e e e e e e . o.h - 01K —
=0, ... ... L. e e e e 1" v 1. 16 S i
Fogs oo dpnition > $16°¢ , ., 6.oa7 — ! 1658
Inscluble residue, . . . . . . L . : at 68 : i 67
Total . . .. .. e 87 - A (0 K% B —
3
LR € I I L 18 .40 —
L 2.0 H 12,93 : -
SO Haldy o 0 0w e L 2,00 ) a2 —
S0 ALOy— FeOgn o . . . . . : L - ho —
S0 AR, Lo L : 6.4 i - 6.8 ' —

o uniforniity of the mineral composition of the clastic material. Charactor-
istic of the rock is a higlehygroscopicity, up to 110° C. Different values of solu-
bility in 3 per cent HCL have been found. equal 1o 9.47 and 32.26 per ceni.
in accardance with the carbonate content of the rock. Closcly similar values
of the insoluble purl of maghesium and caleium have thus been obtained,
namely, MgO 3.49 and 3.36 per rent and Ca0O 0.62 and 0.46 per cent. This
phenomenon has been established in @ large number of specimens. The pass-
ing of SiQ), and ALO, intv solution is probiably due to a considerable value
of the colloidal component *, equal to 13.0 per cent in thefirst und to 14.5 per
cenl in the second specimen (dried st 160°C) separated by AL 1. Moshev with
the centrifuge. The appearance of iron snd manganese in the solution 1s due
to the presence of their hydroxides.

The solubility of the rock in water s higher for the non-carbonate and
jower for the carbonate variety, 0.11 and 0.03 per cent, respectively. At the
satne 1ime it increases when the water used is saturated with 500-—1000 ngz 't
CO,. giving in solution bicarbonates of alkaline-carth metals in an amount
of 0.4 —0.5 per cont of Lthe rock weight. The use of a 2 per cent NaCl solution
gives in the liguid phage 3.4 mg-equiv. per 100 g of rock (specimen 1) of
exchange Ca and Mg, )

The results of a thermal sludy of the evaps» are shown by differential
curves of four specimens (see figure). The curves distinetly show two groups
of varieties. differing as to the composition. o )

The thermographic characteristics of the evaps» compared in Table 2
with the thermal effects of pure substances (*.4) point to the presence in the

Taess thyn 002 quj rons.
bd4
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«vaps» of montmorillonite, chlorite, ferric hydroxide, gypsum, _dolomite
and calcite. No exothermal effccts at 817 and 880° appeared on their heating
_curves because within this temperature range there proceeds a strong endo-
thermal conversion of dolomite and caleite, disguising the exothermal effect.

Table 2
I ' I -
1* 2 3 4 1} f] 3
Montmoril- e

lonite, .| BC—135° —_ —_ —_— 612—649° — 805—850° —
Chlorite, . [135—161° —_ — 363—1366°390-—550° —_ — 880°
Iron hydr- . ' .
oxides. . |130—1410" — 260—328°, 501 — —_ — 817
Gypsum , . — 110 —185° — 375° — —_ —_— —
Dgﬁ)mi{e —_— —_ —_ -— —_— 710—770°{78C—920°] —
Calcite . . — —_ —_ - — — 825—900° -—
«wVapy .« . 20—157° 010° 332° 37 0—435°|502—0611°[740—788°|854—895° —

% 4 9
l’ -

3, 5, 6, 7—endolhermal conversions; 4 and 8—exothormal conversions.
For the same reason the curves of the low-carbonate varieties differ from
those of the carbonate ones. )

The microscopic, chemical and thermal result of the study makes 1t pos-
sible to calculate the quantitative mineral composition of the «vaps», which
is given in Table 3. .

The calculation will show that the amount of feldspar and quartz corre-
.sponds to the content of clastic material, as determined after Seger. The film

Table 3
Specimen No. 1 Specimon No. 2
tuartz . . .. . L .. 11.1 9.6
Plagioclase Mo. 14—19, 14 .4 99 9 41,0 14.1 2.7 34,3
Potash feldspar . . . . 15.5)°7" J 10.6§°°°
Montmorillonite . . . . 98.81ey 4 25.7 g o
Chlorite, . . . . . . . 12.3}* ‘ 10,0477
Pyrite e e e e e 0.1 0.8
Ferric hydroxides. . . 1.8 2.1
Gypsum . . . . . . . . 0.3 0.4
Dolowmite . . . . . .. 2.6 - 17.41% . -
Calcile . . ... . 3.1} 5.7 9.34%0-7
Total ., .. 100.0 100.0

and cementing substances, represented by montmorillonite, chlorite, car-
honates and iron hydroxides, when summed up give 58—64 per cent. The
-quantity of carbonates in the specimens varies greatly and is in full agree-
ment with the heating curves. The absence of a dolomite terrace on curves
7 and 3 is confirmed by the low dolomite content of these specimens. The
~quantity of other minerals being insignificant, they are of less interest.

The composition and structure of the «vaps» are responsible for their
peculiar properties. The non-carbonate and low-carbonate varieties rapidly
decornpose upon being immersed in waler after the loss of their natural
moisture, and also upon freczing, whilccarbonate varicties are comparatively
-resistant and are devoid of this property.

The peculiar physical properties of «vaps» are dependent on their high
~content of montmorillonite in a state of aged colloid. When losing its-natu-
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vul moisture, the montmorillonite contracts (*) and microfractures appear
m the rock. When immersed in water in such a condition. unequal expansiog
and wedging of the rock into small pieces takes place alony jrregular curvi-
hneqr surfaces. A similar unbalanced statesets in when the rock is immors-
el i owater after freezing, when part of the water is likewise removed,
fn cither case the stroetural bond is disturbed, which is attended by distur-
hances in the monolithic charscter of the rock. )

The geotechnical properties of the rock are likewise dependent on its
comg position and strucbure. According to K. 5. Naumenko, the compression

of the evapsy inder Toad obeys two laws: at Fiest Uhe compression proceeds at
a hich rate, then it becomes much stower.

From the aforesaid it may be seen that the evapy is a finely clastic rock
of a rather peculiar composition and structure. The streneth of the rock varies
aud iz symbatic to the qusntity of carhonates.

The formation of the rock must have procecded by wav of a slow ortho-
kinetis coagnlaion of the diverse particles of montmoritlonite, chlorite
and ron sols on grains of the seltliny suspension of feldspars and quartz.
The <ettled mass was enriched in carbonates. usually carrving a positive
chiarge (%), which faveured the consolidation of the sediment. The low-carbo-
nate varieties were probably formed at the perieds of less intense carboniza-
tion. The possibility is nol excluded that the rock might have 1ost a consider-
able part  of carbonates in the course of weathering which proceeded non-
uniformiy  throughout the sediment.

The Vo M, Moletov Stde Priversity, Pereiverd

Mooy, t. VI 1936,
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Comptes Bendus (Doklady) de 1’Académie des Scienees de 1I’URSS
: 1946, Yolume LILIL, 2% 6

PALAEON

ON THE GENUS [JEMIFUSULIN A MOE] LER
By 8. ROSOVSKAYA
( Communicated by I. I. Schmalliausen, Member of the Aecademy, 76, 1V, 1946)

In 1877 Mocller (2} separated out the family Faswlinidae and four genera:

Fusulina, Schwagerina, Hemifusuling and Fusulinelle on account of the
fact thal Hemifusulina carries all the features of the genus Fusulina, dif-
fering from it chiefly in double partitions. The author cited above believed
that in representatives of the genera Hemifusuling and ffusieling he walls
had a similar siructure and were intersceted by numerous closely spaced
pore channels.

Having ascertained that the genotype of (he genons Hemifasulina of

Moeller had actually no diaphanotheca, Schellwien proposed to covsider
Hemifusulinag bocki Moell., the single species of the genus Hemifusulina,
as a specics of the genus Fusulina (7).

The Chinese palacontologist Lee stadied in 193 *—1037 the Fasulinidac

from the limestones of the Carboniferous of the Donelz basin, including forms
corresponding Vo Hemifusuling bocki of Moeller or Fusuling minima of Schell-
wien. [rom the presence in the Jatter of non-folded septa, thick chomata.
and a keriothecal structure of the wall, Lee arrived at a conclusion as to
these forms  belouging to the genus Triticites Girty (%). Having disco-
vered in this group of Fesulinidee specimens with a thicker wall than
that of Fusulina minima, he aothor thought it possible to found new
specics, giving them the names of Triticites ellipticus and  Triticites
graciosus.,

In 1939 Brazhnikova deseribed from the limestones M, and N, of the

Donetz basin Triticites ellipticus Liee and T'. graciosus, pointing out the absen-
ce of diaphanotheca and tectoria, and the presence of distinetly pronounced
keriotheca. The peenliarity inthe thecastructure of these specics, as com pared
to the other T'riticites, lies in that they show no «splittings of trabeenles
(Jamellae of shell belwoeoen alveolt) in lwo Lowards the tectum, which is a
[cature characteristic of the keriotheca of other Tritécites (1).

The fincly alveolar structure of one-two outer volulions has also been

meutioned by Pulrja, who studied the forms in question in 1940 from the
.llmest()n(e's M%—N7in the Donelz basin, and named them Fusulina minima
var. graciosg Lee (°). In his deseripbion the anthor refers to the presence of
tectum, diaphanotheca and two poorly developed tecloria in all the inner
whorls. Putrja identifies his Fasuling minima var. graciosa with Fusalina
mintma Schellw., Triticites ellipticus Tee and 7. graciosus Leo, described
both by Lee and by Brazhnikova. .

I 4940 Ravser-Chernoussova, studying f'vsuling menima from the Middle

C.arboni[erous of the Samara Bend, incinded into the synonymy Ilemifisu-
line bocki Mocll. and Fusulina minima Schellw. (Y. Referring to thestructure
of the theca, this author points out that in the form deseribed by her the
structurc 1s very fine, and generally the differentiation of thetheea is hardly
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distinguishable. No diaphanotheca in the middle whorls is perccivable,
unless the specimen is in a good state of preservation. In the outer whorl
a very finely alveolar keriotheca is generally discernible. In comparing her
spocies with the forms described hy Schellwien (%) and Mocller (2), Rauser-
Chernoussovawrites that the identification of this form with Fusulina minima
Schellw. presents no difficuliics, and that to the full description made by
Moeller only somewhat larger dimensions and a slightly thinmer theca should
be added (%), o

On the material of the graup Fusnling minima from Middle Carboniferous
deposits of the Moseow basin studied by the present writer (K ashira, Podolsk
and Myachkovo horizons)it proved inipossible Lo observe cither diaphonetheca
or tectoria. The forms of this group have a wall consisting of two layers.
with keriotheea in all whorls. The thickness of the wall of the species distri-
buled in the Myachkovo beds in the last but one volution is 50—60 g, while
the Torms characteristic of older strata have a considerably thinner theca

. & -
* PRIV - NN
39 j
8 c

Fre 1. Seheme of wall sipiactorin Fusulinag (4), Trilicites {B)and Hemijusulina
7 ey, ontward and inaer tectoria: b, tectum: ¢, diaphanotheea; J. keriotheca.

(25--30 o), for which reason the keriotheca in the inner whorls of most spe-
chimens 1s hardly discernible,

A detatled study of Fusulinidae carried out in the recent years has shown
that msome forms, along with well-pronounced diaphanotheca in the inner
whorls. an alveolar structure of theea in the outer ones is observed. Pulrja
founded two more genera from the upper part of Lhe middle and lower parl
«f the Upper Carboniferous of the Donelz basin, namecly. Pseudotriticites
ol Protriticites*. the representatives of which have a wall with a {inely
abveolar diaphanotheca in the first three or four inner volutions and with
a three-laver structure (keriotheca, teetum and tectorium) in the subsequent
ones (%),

Starting from the fact that the mierostructure of the theca is avery im-
portant generic feature, the present author cannot agree to the suggestion to
refoer the forms here considered Lo the genus Fasulina Mocll, characteristic
of which s a four-layver structure of the wall with the presence of diaphano-
theca, tectum and two Lectoria. )

Their difference from the representatives of Uhe genus Psendotriticites
is also evident. since even in the early whorls diaphanotheca is wanting,
and the wall alwavs consists of two layers.

I the present writer’s opinion it is impossible Lo refer these forms to the
genus Protriticites Putrja. since the pepresentatives of this genus have a theca
of four lavers with a porous structure. The diaphanoteca in the representa-
tives of this genus is casy Lo trace in the inner whorls.

The description of the above forms as belonging Lo Trilicites scems also
doubtful. since the keriotheca itself differs rather vounsiderably from the
typical keriotheca of Triticites in much wider trabecules divided by very
narrow lighter pores, which is often vesponsible for an apparently amorphous
noture of the wall and impedes the study of its microstructure.

On the writer’s material is also confirmed the pet‘\}lim‘“y ;epo?ted by
Brazhnikova for Triticites ellipticus and T. graciosus which consists in that,
in contradistinelion to forms having a typical keriotheca, the trabecules

* The deswrpiton of this genus is pot Kpown in the lifersture, unpublished data
berng avaijable.

5hY
Approved For Release 2002/07/29 : CIA-RDP80-00926A000200010072-1



3

Approved For Release 2002/07/29 : CIA-RDP80-00926A000200010072-1

in the Fusulinidae named arc not thickening towards the cenire, and the
alveoli are not branching. :

As already mentioned, thewall structure of the shells is the most importang
systematic and evolutionary featurc of Fusulinidae. Thérefore all the afore-
said Induces the writer to unite in one genus both the forms studied by
her in the Moscow basin and the forms from otler localities, described and
referred by other authors todifferent gencra, and to restore the genus Hemi-
fusulina Mocll., introducing som ewhat greater precision into the diagnosis.

It is essential to point out that the insufficient knowledge of the structure
of the walls of the shells, owing to which the forms in question werereferred
to two different genera, Fusulina and Triticites, has led to aconsiderable
stratigraphic confusion and wrong ideas concerning the distribution of these
latter genera. As a maticr of fact, thetwo genera arc of guiding significance:
the disappearance of representatives of the genus Fusulina and the appearance
of the genus of T'riticites is a reliable indication of the Middle Carboniferous
deposits being substituted by Upper Carboniferous ones. Moreover, the genera
Fusulina and Priticites are members of different phylogenetic branches.
The ancestors of Triticites were Fusalinelln and Protriticites, and those of
{lemifusulina, probably Fasulina. The two branches developed in a parallel
way, with a number of similar characters, bul with some essential distinc-
bions, as alrcady shown ahove,

The present paper contains a description of a typical species occurring
among other forms of the same genus in the Moscow basin.

Feamily Fusulinidae Moell.
Subfamily Schwagerininae Dunbar ot Henbost

Genus  Hemifusulina Moell., 1877

Diagmnosis. Shell small, ovoid in shape. Spiral ¢losely coiled in the
inner whorls. becoming higher and more uncoiled in the outer ones. Theca
thin, made up of two layers, consisting of tectum and keriotheca. Mrabe-
cules wide, divided by very narrow paratlel pores. Scpta from slightly to
moderately folded, forming small arclies. rounded in shape and regularly
sitnated. Chomata rounded, well developed in all whorls. Axial deposits
lacking. Aperiure single, regularly situated. :

N ot e, Distinguished from Fusulina by the absence of diaphanotheca;
from Friticites, by the presence of branching alveoli. Genolype: Hemifu-
suling bocki Moeller, '

Hemifusulinag bocke Moell,

1878, Hemifusnlina bocki Moeller (2). 1908. Fusulina minima Schell-
wien (°). 1936—1937. Triticites ellipticus Lee (). 1939. Triticites ellipticus
Brazhnikova (V). 1940. Fusulina minima Rauser-Chernoussova (4).

Shell oval inshape. Ends obtusely rounded. This form is rather coustant,
beginning with the young stage of dev clopment. L:D from the third to the
last volution varying within the range of 1.96 to2.35. Surface of shell cover-
ed with shallow septal forrows. Dimensions small: L—=2.36 to 3.0 mm;
D=114 to 1.4 mm. Forms attaining £=3.9 mm and D=1.7 mm are less
frequent. Number of volutions 614 to 8.

Initial chamber small. Its diameter is from 50 to 95 v.. Theca thin,
wade up of two layers, comsisting of tectum and keriotheca. Its thickness
in the volutions preceding the last one is 46 to 67 . Trabecules wide, divided
by narrow unbranching pores.

Sepla approximately of same thickness as thieca, regularly folded, form-
ing small arches of rounded or subsquare shape. Their height is half the
lumen of the chambers. In the axial ends of the last three volutions they
furm an alveolar network.
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Aperture rather narvow, regularly gituated. Tunnel usvaily X-shapod,
Its breadth is equal from ' 0 to ') of the length of the corresponding volu-
tion. Height about hall the fumen of the chambers,

Chromata woll pronounced to the last volution. rather massive. roumded
in shape.

Comparison. Thespeimens available'to the author do not ditfer
materially from the Hewdfusuiina bocla deseribed by Moeller, An instenili-

Vie, 20 Hemifusutina beeki Moct, w0 Moseow hasin, Peski, Axial section, X175,
Viuldie Carbonifernus. horvizon !";It 2o Mestow Lasin, Dubeova, Axial section.
31700 Middle Corboniferous. horizon (.

cant distincltion consists 1o sopewhal bwger dimensions of the shells of the
forus from the Moseow basin and by a thiker theea, For the fargest specimens
Moetler gives the following dimensions: Tength, 2.6 mim: diameter, 1.2 .,

Geewgrence and acor the Moscow Basin, the Middle Carbonferous, Hori-
, A
o 3000, G )
Leerivind
1H, IV, 1096,

BN S M DAN S b

VL E B pamnsr o e a T e povosor, APY PCP Ve 2 B Me -
de o Matep. peoas Pocengs VEFL 18280 0 o G0 v pon Manen, no reod. an nodtesi,
werant Auc-Hepe Peads yppaneminn, o6 T 1930, LM Payaep-thepae
Voo Tpo Hednoveofscpam pe T e eepa s T @m0 20 e e, Bull, Geol, e,
Cherr,d XV BU36-- 10270 FoSehellwien Peiarontoar, 55 1008, 7 VoMo I-
ter. Neves Jaheh, Mibwr, on Geob ) 194 18770 :
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Comptes Rendus (Doklady) de 1’Académie des Sciences de URSS
1946, Yolume LITI, N§ G

GENETICS

THE EYFECT OF POLYPLOIDY UPON THE TAPETUM IN POPPY
By . N. VOLOTOY
( Cemmunicaled by L. A, Orteli, Member of the Academy, 16, 1V. 1946)

Certain, more often specialized, Ussues of diploid animals and plants
are known Lo he composed of tetraploid and even octoploid cells, £, e. of cells
containing nuclei with double and quadraple chromosone (‘omplements.
In plants such are the cells of the tapetum.

Studies made on certain experimentally produc od polyploid planls have
shown Uhal their cells and Lissues do not answer in a similar way to polyploid
condition: the rate of growth. the relative size and the number of cells in a
given organ vary in a different way in the different Lissues of the same
plant (1.%). .

In the present paper are communicated he observations made by the
writer on the effect of polyploidy on the tapeium cells inthe anthers of poppy
which are normally, ws pointed oul above, polyploid in diploid plants.
The work has been carried oul with the aim to oblain new information on the
regalarities governing the development of polyploids, and additional com-
paralive r]dl a on (hplou]s and polyploids. The observalions were mostly
made on the tapetum  cells of the anthers of the diploid Papager somni-
feriun L. and of its te'raptoid form which had been oblained by the V\IllCI‘
with the aid of colchicine (%),

Tapetum cells were studied in all cases at Lhe sane stage corresponding
to the Ist meiotic division, This stage represents i |)0]Jpv a period heyond
which no mitoses can be observed in the tapelumn cells. Observations were
made partly on permanent preparations stained with genlmn violet, partly
on temporary acelo-carmine preparations. While preparing the latter, the
content of the anther was squ(m/vd oul and the pollen m()L]wr cells, as \\UH
as the tapeltum cells, were inspected separately from other tissues.In cither

case the material was fixed with the C(uuoy fluid.

The diploid Papacer somniferwm contains in its cell 22 duomosomc
whereas the tetraploid form has 4% chromosomes

Cytological 111\'0sLJgaLwn of the anthers of Lho diploid Papaccr somni-
ferwm has shown Uhat in the tapetum cells. when a single metaphase plate
is present, no more than 88 chromosomes can be (nm.ltv.d,, that is, there is
present an oc Loploid <o1nplvmvnt When two nuclei are present in the tape-
tum cells (such is Lhe case in the great majority of (a%s) somebimes simul-
Lanecous division may be observed in the two nuclei; in such cases in cach
of the mctaph ase plates no more than 44 chromosomes are observed, the cells
being again octoploid.

Aside from DPapacer somnifernm 1 have studied other species of Papave-
raceae, namely: P. pagoninm Schrenk. (20 =12), P. alpinum L. (2n=1%),
P. rhoeas L. (2 n=14), P. nudicanle L. (2n ==14), P. hybridum L. (2n =14),
P. latericum C. Koch (2n=14), P. macrostomum Boiss. et Huet (2rn=14),
P, commutatam Fisch. ot Mey. (2rn=14) and other species of different genera
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cf the famil_v.‘ namely: Reeneria nofracta (Stev.) D. C. v. setosa (2n =14,
Argemone mezicana L. (2n=28), Escholtza californica Cham. (2n.-12),
Chelidonivm majus L. (2n==42), Dicentra spectabilis D. C. (2n =16).

In all the species enumerated above the tapetum cells in the anthers pro-
ved to be octoploid, . v, with 12 somatie chromosomes the tapetum eelis
werce found tohave 48 chromosomes. with 14—56. with 16- 96, with 28112,
In other words, in all the diploids helonging to the family Papaceraceae
the ratio of the chromosome number in somatie rells, for example. in the
rodi tips. to that in the tapotum cells was 1:4.

OUne should naturally expeet to find in the tapetum cells of the experi-
mentally produced Papaver <omuiferum a doubled chromosome mnnber,
(. . 16-ploid cells. o

As shown by eyiological investigation, no such doubling took place.
however. Thus, in the experimentally produced tetraploid Papaoer somni-
fer:m the tapetiom cells had 88 ¢hromosomes. 7. e. the same number as in the
diploid P. <omniferam. The ratie of the chremoscme number in the somat ic
cells and in the tapetum cells was thus fonnd to be 1:2 in the tetraploid.

This fact shows that the denbling of the chromosome number in ‘the
soma of the diploid does not necessarily involve all the tissues. and does
not affect. in particular. the tapelum cells.

What are the reasons responsible for the absence of the octoploid eells
m the telraploid poppy? Is il o vesnlt of an excessive charge of the cells
with chromosomes. and may not o-toploid chromosome complement be a
threshold of vishilitv similar to that observed in the majority of plants in
which even tetraploidy is sometimes found to lead to a numher of alterai-
tons resulting in lethalily?

A partial answer has been obtainad by the author as a result of a study
cairied out on the multi-chromosome species of Papaver: P. orientalis L.
(2n ==42) and P. dubium L. (2n ==42). The tapetum cells in these species have
becn found to contain 168 chromosomes, thus being octoploid, the ratio
between the chromosome numbers in the somatic and tapetum cells being
the ordinary one, i.e.4:4, in spite of the great chromosome charge. The
study of these representatives of Papavera-cde made it scem doubtful that
the octoploid complement is a limit for the existence of the cells of P. som-
niferum, since theexpeected 16-ploid tapetum «ells of the experimental tetra-
ploid P. somniferum should contain 176 chromosomes. i. e. only 8 chromo-
somies mare than in the lwo species mentioned above.

It is well-known, however. that the threshold of polyploidy differs as to
the species: some plants may retain viability with octoploid chromosome
complements, others do not sland even tetraploidy. The existence of two
species possessing large chromoseme numbers in their tapetum cells should
not be taken to prove anvihing in other species of the same family. There
18, however, direct evidence supporting these doubts: thus, J. P. Miriuta
(unpublished) has found in the tapetum of the diploid Papacer somniferum
onc unquestionable case of 16-ploid chromosome complement. This case,
which 1s probably an extremely rare cxception in diploid poppy, must be the
general rule in tetraploids. One is compelled to think that the absence of
16-ploid tapetumn celis in tetraploid poppy is to be explained by something
elsc than an excessive chromosome charge. )

Some light upon the problem might he shed by the experimentally pro-
duced tetraploid poppy wilh low chromoseme numbers; they might support
(or reject) the hypothesis as to the new quantitative chromosomal relations
m the tapeium cells and other scmatic tissues without any limit for the
chromosome charge. ) L

Unforlunately, the writer was so far unable to obtain a tetraploid inany
low chromosome Pagacer species; he has found, however, an alleged sponta-
neous te.raploid obtained from the Erevan Botanical Gardens under the name
Papaver nudivaule L. f. giguntea.
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The form in question had increased (approximately, twice) flowers,
leaves, flower-stalks, secds. seed capsules, hairs upon their leaves and buds
» and pollen grains. These plants set very few seeds, a greal proportion of which
is empty. A cytological study carried out by the writer has shown that there
were 28 chromosomes in the soma instead of the 14 typical of P. nudicanle.
The study of meiosis has revealed 3—5 quadrivalents. This form was thus
found to be a typical autotetraploid, both after its habitus and its meiotic
behaviour. The study of the tapctum cells has revealed 56 chromosomes,
. ¢. they were cctoploid like in the diploid P. nudicaule (see above); thus,
theratio of the chromosome number in the sema to that in the tapetum cells
was found in this alleged autotelraploid to be identical with that in the
experimentally obtained tetraploid of P. somniferum.
Finally, we have studied the tapetum cells in hyvhrids. There werestudied
F, of two hybrid combinations: teiraploid Papaver somniferum (4n—=44)x
X P. oricntale (2n==42) and P. somniferum (2n==22) > P. orientale (2n=-12).
The first named hybrid had in its tapetum cells 86 chromosomes; the other.
66 chromosomes. Consequently, the two hybrids had the same ratio of chromo-
some numbers in the somatic and tapetum cells ag those in the experimen-
tal autotetraploid and the alleged spontancous autotelraploid, 7. e. 1:2.
A characteristic feature common to all the chserved cases of such ratio
(1:2) wasthat it occurred only in newly formed systems, both in hybrids
and autotetraploids. This is comprechensible in the case of hybrids where
we are confronting a special mode of regulation lcading in the course of the
development to diverse differentiation of the tissues and organs, unlike the
parental ones, owing to new genelic combinations and to new interactions
leading in some cascs to a physiolegically unbalanced conditicn and cven
to unviability. On the conlrary, cases of autotelraploids in which we find
only doubling of the genetic material without any disturbance in its balance
stand in need of analysis. The most probable explanation was offered by
Randolph and Hand (*) who connected the alteralions taking place in auto-
tetraploids with the cumulative effect of the gencs. _
Adopting this point of view, one may imagine some of the alterations
caused by autotetraploidy, such as chemical changes, consisting mainly in a
changed quantity c¢f the components, morphological, representcd mainly
by a changed rate and number of cell divisions, not as a result of a simple
additive action of the genes, but as a kind of differential action inihe morpho-
genesis of each tissue, of each chemical process in the cell metabolism, caused
by the cumulative effect of definite genes. We are thus brought to believe
that the genes which determine or regulate the chemical composition of the
organism and the formative processes in the developing organs do not act
in the same way in diploids and tetraploids. An instance of such differentiat-
- ed effect upon the chemical composilion is found in the tetraploid ryegrass
where, with a considerable increasc in sugar content, there was found only
an insignificant change in nitrogen content (°), and also in the tetraploid
tobacco where, elong with an 18—33 per cent increase in nicotine content
and a considerable increase in nitrogen, fats, calcium and potassium, there
was found a decrease in carbohydrates, sulphur and phosphorus (*).An examnple
of morphological alterations may be found in the tetraploid maize where
the endosperm cells are increased 3.5 times, whereas the oher cells—only
2 times (2), and in Physalis where the growih of the stamcens in the tetraploia
form is behind that in the pistils ().
N U obv10}1s that in the cffect of autopolyploidy one should distinguish
mstances of direct influence of increased nuclei from those connected with
the increase in the cell dimensions, such as in the case of pollen grains, sto-
mata, hairs, meristematic cells, although such a distinction cannot be fol-
lowed very rigorously.
The case of tapetum cells discussed in the present paper probably belongs
also to those of cumulative gene action. Here the change has affected not

563
Approved For Release 2002/07/29 : CIA-RDP80-00926A000200010072-1



Approved For Release 2002/07/29 : CIA-RDP80-00926A000200010072-1 -

orly the number of chromosomes, but also the smber of the tapelny eolfs.
The counts of tapetum cells made on permanent slides showed one median
section of the anther Lo contain an the average 90 tapetum eells in the diploid ™
peppy and only 52 in the tetraploid, The possibility is not exeluded. therefore,
that the basie function of the tapetum, the nuirition of the pollen mother
cells. may affect the fertility as a resnlt of such a strong reduction in their
number. The alteration in the Capetum together with o number of olher allor-
abions, wamely, morphological varistion in the organs of the flower, which
weaey dead. ke in Physalis, to 2 chaneed mode of pollination ), chemical
changes Teading. for eximple, to an altered odomr of (he Hlowers and toa
changed frequeney of visiling by inseets (according o thé writer’s obserya-
tions, the Tlowers of the tetraploid snapdragon and puppy wre less visited by
bees and himble-hees), show that individual alterat ions depending on cumu-
lative gene action. which at first seon msignificant. may lead to very
i portant changes in the organism as a whaole, to s changed physiological
balanee in the organism. to morphological and funetional changes which are
of import in the stragele for e, In some respects they resemble changes
cansed by hyvbridization, which mav Hkewise be ilustratod by the case of

Cthe tapetn, Th(';w new relations, their seope and amount, Jdepending both
oicthe quantity and quality of the genes involved in the initial Lvlt'ruzygnus
materigl, constitute an important sonpee for artificial and natural selection
i antotelraploids.,

Fnstitate of Cyvtoligy, IH*!DIW;)’ cind ]‘}1[.'::}';;&;3}', Floeeived
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ECOLOGY

CROP PLANTS UNDER EXTREMT CONDITLONS OF IIGH
ALTITUDES OF THE NORTH CAUCASUS AND TIIE NORTH-EAST
ALTAI

By A. A, MALYSUEV
(Cemmunicated by A. A, Richter, Mcmber of the Academy. 15, IV. 1946)

In our experimen(s on the cultivation of crop plants in different highly
elevated zones of the North Caucasus (Teberda reserve) and the North-Eagt
Altai (Altsi National Park) wewere ableto investigate the peculiar character
of the development and growth of a number of eryophile crops in the sur-
roundings which set limit Lo their viability.

It has been found that Lhe zone of the climalic barrier of the cultivation
of crop plants in Alpine region coincided on the whole with the upper boun-
dary of the forests, and extends some 100—200 m higher, along with the
penetration of singleindividnal trees; in the North-Fast Altai, for example,
it extends so far as to the mountain tundra belt. This zoneis characterized
in the two geographic regions named by an average temperature of the grow-
ing period of 3--10°C.by a sum of temperatures over 10° (counting from
zero) totalling 500—-700°, and by the duration of the frost-free period (in the
meteorelogical chamber) equal ta 80 days. In spite of the fact that the frost-
free. period is limited (at the surface of the soil) by 30—40 days, a number
of crop plants in them can usually grow during 215 —3 months in connexion
with the «hilling» which takes place in them. )

The amount of precipitations during the four summer months in this
zone is 600—700 mm, more than twice that of the zone 114 km below. '

In the western part of the northern slope of the Maim Caucasus Range
the boundary of the forest runs at an altitude of 2400—2500 m. In the part
~af the Altai considered lhere, in theregion of the junction of three mountain
systems-—the Altai, the Kuznetsk Alatau and the West Sayan, the upper
linit of theforest is at an altitude of 1700—1900 mn: In the last named region
the highest limit of our crops was in 1944-—1945 at an altitude of 1750 m,
at the upper boundary of subalpine thin forest. and at an altitude of 1850 m
ab the summit of the mountain Korbulu, in the mountainous tundra belt.
In the North Caucasus the experiment plot was located (1940—1941) on the

~one of the summits of the mountain ridge Mukha-Bashi, within the Alpine
belt. at an altitude of 2700 m. According to the literary data (2), the altitude
-of 2700 m is the highest limit of agriculture in Europe (Spain, Sierra-Nevada

- mountains). How severe are the conditions at an altitude of 2700 m in the
Cancasus is shown by the fact that the snow does not melt everywhere near
the experiment plot during 11 months. 7

As aresult of the experiments in the zone in question in the North Cau-
casus we succeeded in growing radish of normal size, turnip weighing 140—
200 g cach, colerape weighing 60 g each, peas (variety «Dwarf») forming
green pods, onion forming green leaves, garlic, potato yielding up to 230 g
of tubers per hill. The varicty «Epicur» vielded individual tubers weighing
100 g each.

6 C. R. Acad. Sci, URSES, 1916, v. LIIT, M¢ 6. 565
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in ‘Lh(‘- moan ain-Lundra bel of the North-East Altai (1850 m) we obtai-
ned: radish of normal size, green onion. peas with green pods, and potato

yielding up to 100 ¢ of tubers per hill; individual tubers were
At the upper limit of the forest (1750 m) in the Altai there
radish weighing 30 ¢ cach. tuenip 70 -130 ¢ cach, peas («Dw
normal but underdeveloped seeds,
and onion for feaves. flax and buckwheat forn
yielding up to 35 ¢ per hill,

«Eariy Rosen) weighed 130 g o

¢

30 g each.”
were grown:
arfo) forming
broad bean forming green pods. garlic
] ving immalure seeds, potato
Tndividual tubers («Berlichingen», «Lorehn,
ach. Grains (winter rye, wheat, barley, vats)

formed cars at all the plots, and in the Altai (1750 m) they were vovered withe

snow al the phase of blooming.

Aside from the obstacles of elimatic chavacter, the cultivation of erop

plants at high mountain zones is hindered by the edaphic factors. The high
acidity of the Alpine-meadow soils of the Alpine type. and (*Sp(;l‘iiill\' of the
mountain-tundra soils of the mountain zone in the Altai necessitates lime
treatment. The reaction Lo this measure was especially striking in the case
of onton. radish. turnip, buckwheat. barley. wheat. which showed scareely

any development without introduction of Time.

The effect of fertilizers was also very groat on the soils of the Alpine
Lype. The height of Uie culms of graius (barley. wheat) and of the stems of
the legumes under the application of fertilizers and lime at an altitude of

1750 m (the Altai) was twice as groat as in the ease of untreated soil.

In the experiments in the North Cancasus under identical conditions
(ull mineral fertilizers) at plots located at different altitudes. the CHergy
of Lillering of grain crops and the formation of tubers by potate invariably
mereased with altitude. Putting the energy of tillering of the grains al an
altitude of 1350 m at 100, we had 122 per cont at an altitude of 2350; at
2700 it was 188 per . ent., Natburally enough. the number of sterile culms increa-
sed with altitude. being £4 per cent st the lowest plot and 61 at the uppormost

One,

The height of the main culmg in the grasses at a.2700 m olevalion was

only 60 per cenl that of the lowest plot.

The average number of tubers per hill {(varicty «dmandra») was at the
uppermost plot 250 per cent to that of the Jowest one. while the weight of tue

tubers was only 23 per cent Lo that yvielded at the lowest plot,

Branching of the stems of sunflower is likewise found to increase with
height with a striking depression of the main stern (the Altai), a formation

of several heads of cabbage on the comnmon root (the Caucasus), et~

Oue should think that heing depriv ed of the possibilily to use the assimi-
lation products under the extreme conditions of development or growth of
the mnain sboveground organs, the crop plants spend the formative materials
for building additional vegetative organs, which is casier under such condi-
tions. In the process of their ontogenesis the erop plants undergo a sharp chan-
ge in their habitus under the conditions of high altitude and become, as is
LLe case of grasses, adpressed. strongly tillering and with strong antocyanine
coloration of the culms and leaves. The ability of the crop plants to be modi-
fied under extreme surrounding conditions is manifest also in an increase
infrost resislance with altitude. At an elevation of 2350 m (the North Cauca-
sus) the aboveground part of the girasole could stand a frost of —1.8° al the
level of the soil and —10.07 in the air, and died together with the Chinese
cabbage only at —6.8 on the surface of Lhe soil and’ ~-12.0” in the air. At an
clevation of 1750 m (the Altai) the feaves and stems of potato vould stand
without damage —4%.07 ut the surface of the soil. and at 1850 m it died only

in parlt at -—6.07 on the surface of the soil.

The growing period of the crop plants usually increases with altitude.
The peas «Dwarfs, which showed at an altitude of 1350 m (the Caucasus)
a length of the phase «scedbngs—formation of pods» of 39 days, had increas-
ed this phase to 66 days al an eltiiude of 2700 . \Wheat «Garnet» showed,

O6H6
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respectively, an increase in the phasc sscedlings—caring» by 26 days. At (he
same time in the wild aborigens there is observed a shortening of the growth
period with altitude. Thus, Ancmona altaica Tisch. at an altitude of 470 m
(the Altai) passes the phase from the beginning of growth to flowering within
24 days (1944), whereas at 1750 m the Alpine eccotypes of the same species
pass this phasc within 7 days. Trollius asiaticus 7.. showed a duration of the
same stage at 470 m of 37 days, while the Alpine ecotypes passed it at 1750 m
within 14 days. .

The conclusion is very plausible thal the lengthening of the stages of
development of crop plants should take place only during the first years
of their cullbivation in the Alpine zones, until the plants are adapted to
the unusual surrounding conditions {*). In further generations reproduced
ab the same zones, there will take place in the course of adaptation a
change in the hereditary propertics of the plant, in particular, it will
develop earliness.

In the work by Baranov (*) we find indications to the cffect that barley
shows an increased carliness alter repeated reproduction at highly clevated
zones of the Pamir. ,

This opposite character of the variation of developmental processes of
the cultivated and wild plants with altitude clearly demonstrates the dia-
lectics of the natural phenomena. A similar collision is observed at highly
clevated zones in the variation of the exchange in crop plants and wild vege-
tation. According to Grebinsky (4), cultivated plants show at first a more
mtense production of carbohydrates, in particular, of sugar, whercas wild
plants, on the contrary, display a weaker carhohydratereaction. In the course
of adaptation in the mountains cultivated plants gradually become able to
pass to a normal exchange approaching thelype of redox processes, character-
istic of the wild aborigens of those zones.

It stands to reason that the growth of crop plants should be considerced
not only in connexion with its depression caused by unsuitable surroundings,
bul as an active biological process taking place during ontogencsis and lead-
ing in the coursc of generations to a more profound alteration in the nature
of the plant organism.

The study of the problem of cultivation of crop plants at high altitudes.
under conditions typical of the limit of their distribution, is necessitated
by the advancement of farming to high-mountainous regions. Of course,
successful introduction of crop plants to the high-mountainous zones is
dependent on the development of agricultural technique. However, growing
crop plants abovethe limit of the forest, for example, within the arca of cle-
vated placers, such as exist in the Altai and the Caucasus, will require hot
beds and greenhouses which are likely to be highly efficient under the condi-
tions of intense sun radiation available in the highlands.

Lercived
15. TV, 1946,
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CYTOLOGY

OBSERVATIONS ON THE NUCLEUS AT INTERKINESIS
Ry G. V. KIEARLOYA
(Communicated by I. I. Schmalhausen, Member of the dcademy, 3. V. 1946)

‘In a nole published in this periodical (1) Makarov reports on having
suceceded in «fixing» paranekrotic changes in cells; hestates that, by applying
various agents, he has obtainedspecificreactions to cach of them, and, further-
more, that all the phenomena observed were reversible. Makarov descrlbc,s
in partu ular, the effect of hypertonic solutions upon the content of the nucleus.
Under the influence of hypertonic solutions (glucose, ete.) and after fixation
he observed fine granulation appearing in the nucleus, which could he obser-
ved ultramicroscopically. The granulosity disappears as soon as the influence
of the agent is removed.

Our experiments, arranged with the aim of studying the condition of the
nuclous at interphase under application of a nearly identical teuhmque
farnished results which will be briefly summarized in the present communi-

cation.

Duaring the last years conclusive dala have been obtained leading to a
radical revision of our ideas as to the structure of the nucleus. Many authors
have more than once advanced the idea (2) that the nucleus consists solely
of chromosomes. The nucleus is a dynamic structure characterized by ils
cyele. What was carlicr called the «esting nucleus» is now -regarded as one
of the phases of the complex cycle during which the chromosomes arcin astate
of stretching and, probably, are highly hydrated. The invisibility of the
chromosomes in vigo is explained by an identical cocfficient of refraction
of all the materials composing the nucleus. On slides fixed and stained after
IFeulgen no chromosomes can be discovered in the nucleus. According Lo
number of investigators, this should be attributed to the fact that the chro-
monema contains no nucleic acid.

Our aim was £o study the condition of the interkinetic nucleus under the
influence of various selutions. In contrast to the majority of the previous
studies (5,%), we have studied the alterations occurring in the nucleus not
merely in vigo but mainly on fixed preparations stained after. Feulgen. This,
method was recently applied by Painter (°). It was known that with an in-
crease in the pH toward slightly acid end hypertonic solutions cause coarser
structures to appear in the nucleus, the appearance of granules clearly visible
in vivo. Thege phenomcna are (01151der0d to be an example of reversible
gelatinization, since whep the nuclel are embedded into a nprmal medium
they become optically empty agaln It has not been explained what are, the
gelatinized structures, and what is their relation to chromosomes,

We have suggﬂsted that in the case the chromosomes are really in a swol-
len, state, they may be seen when dehydrated. Bits of tissues were treated
with the reagent and then fixed in Zenker’s or Flemming’s fluids and stain-
ed, mainly with the Feulgen’s stain. In epite ol the recent criticism (%),
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this method is generally considercd to be an ideal one for discovering inthe
cell nuclesproteids of the type of desoxivibose. '

The object of our observations was the hermaphreditic sex gland of
Helie pomatia, which has more than onee served fop experimoents, 'ﬁnis com-
nuptieation is concerned only with experiments carricd out with the folloyw-
ing solutions:

1. Hypertoniv soiutions: a) Ringer's solution with doeuble and guadruple
amount of NaCl: by glueose; 3-molar solution.

2. Hypotonie sodutions: a) Ringer's solution diluted twice with distitled
water: by distilled water.

4 Solution of ammoninm chloride, 84 per cent,

Our attention has mainly been attached o alterations taking place
m the nuekei of the conneetive tissue belween the canals of the hermaphrodi-
tie eland. On the control preparations Tixed and stained after Feulgen were

a b ¢ ad e

Nuelens of a cell irnm the connecling lissue. Fised with Flenuning’s fTuid, stained
alter Fenlgen, o, normdl condition: b, Ringer + 2 NaCl, 30 min.: r, 0.1 per cent
NHCL 20 manas doa NaCl, 0 mins e, dhistiDed wiier, 20 min.,

vistble Tine granules of nearly equal size. which represented typical granules
of chromatine (Fig. a).

After the portions of the tissue had been immersed into the hivpertonie
solution comsisting of the Rivger’s [oid with double amonit of NaCl and pae-
tieodarly with quadruple amount of thix <alt. the nueleus appeared to he
somewhat shrunken  because of dehivdration: the granules of chromatin
appeared as 1L were fused into bead-like steactures. well stamed with Feulgen
(Fig. ).

These granules were Lvpical ehromomeres and the bead-like stractures
were nothing else than chromosoues, Sometimes they were beat and Tooked
like loops, sometimes they were rather fong and stretehed aeross the nue-
Teus, Oecasionally thie chromosomes could not he seen at all, The remaining
comtents of the nueleus. when stained after Feolgen, takes o diffuse Light
violet stain.

\s 4 result of o troatment with S-molar glocose and with the NH, C1
solution the bead-hike structure could also be clearly seen (Fig. o).

After the fragments of the bissue were treated with hypertonie soluti-
ons and in particular with NH Cl=olution, no mere ehromatin granoies were
visible on preparations obtained from the treated fragiments, hut rather
regular chromosomes, That there were not simply congulated granules of some
entrmatic nuclear contents, as supposed by Makurov, but the chromosomes,
inslown by the follow ing sbseryations. Insuch cases whereunder the influenee
of the treatmment the nuelear membrane was demolished, free chromosomes
could be seen Iving in the eytoplasin of the cotl (Fig. o).

The chromomeres ave bving farther apart on such preparations as compar-
ed with thecase of intact nuelei. Tt s pessible to see uider the highest power
extremely thin connecting junctions. AU the same time the free ends of the

H70
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chromosomes can be seen. Whether they arereally free ends, or merely points
of fracture, could not be decided.

A nucleus subjected to the action of hypertonic solutions (Fig. ¢) displays
the following alterations: its size becomes greater, which points to swelling;
the diffuse stain of the nuclear contents becomes deeper; small bead-like
structures appear within the nucleus. These structures arc considerably
shorter and are not as clear as in the nuclei treated with hypertonic solu-
tions. However, these experiments likewise seem to support the idea that
the resting nucleus consists of chromosomes.

When studying our preparations, we have repeatedly been confronted
wilh the question: What is the distribution of the chromesomes within the
nucleus? On the basis of vur observations we are inclined to admit that the
chromosomes occupy the whole of the nucleus, forming a twisted tangle;
they always consist of the chromonema thread with nucleoproteids joined
to it. We cannot thus join the assumption advanced by cerlain writers,
namely, that the interphatic nucleus consists only of protein chromonemata
Irec of nucleoproteids.

In view of the fact that our observations haverevealed a greal similarity
of the structure of the nucleus at the stage of carlicst prophase, we have
counted the number of nuclei showing clear chromosomes; it appeared that
they constituted over a half of the total number. This justifies the conclusion
thalt they were no prophatic nuclei, - :

Our observations thus lead to a conclusion that in the interphatic nucleus
the chromosomes are contained in a form of a tangled knot forming the inner
frame of the nucleus. I the appearance of the bead-like granales were «para-
nekrosisy, or reversible coagulation, we should then have observed similar
aspects ab any stages of the nuelear cyele, except for those where the chromo-
somes are in a state of high spiralization; as a matter of fact, this is not the
case. :

Under identical treatments the chromosomes were visible with different
clarity, and the number of granules was different, too. All this should be
taken Lo mean that the nucleus at interphase undergoces continuous changes,
actively participating in the life of the cell.

Teceived
3. V. 1046,
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MICROBIOLOGY

ON THE UTILIZA’I‘ION OF VOLATILE BIOCATALYTIC SUBSTANCES
BY MICROORGANISMS

By M, N. MEISSEL :nd N. P, TROFIMOVA
(Communicated by A. A. Richler, Memler of the Academy, 15. IV. i946) -

N. G. Cholodny has demonstrated quite conclusively by mecans of simple
experiments that higher plants excrete into the surrounding air organic
substances favouring the proliferation of microorganisms. Ie advanced the
hypothesis that among other volatile nitrogen- and carbon-containing orga- .
nic compounds these plants may excrete also various bioactivators, vitan;ins
included (1).

 In the present note we adduce the first, so far as we know, experlmentaL
proofs of the propagation of a biocatalytic substance by the aerial route.

In studying the functional and morphological significance of vita-
min B, and of the thiazol and pyrimidin components of its molecule for the
microbial cell, our attention was altracted by the circumstance that sterile:
water solutions of vitamin thiazol (4-methyl-5-3-oxyethyl-thiazol), pre-
served in test-tubes stopped with cotton plugs, lost part of their activity
in the coursé Of time. The molecule of this compound is fairly stable, and
one could hardly expect it to suffer any chemical alterations. It seemcd rather
more probab]e that vitamin thiazol may volatilize.

To verify this possibility use was made cf m](rqmganisms needing for
their normal development vilamin t(hiazol, which it is usually necessary
Lo add in the form of water so]utlons lo the aniho(m nuirunt m(dla When.
growing them. '

As such test-objects we selected Endemyces Magnuiif which is abléto con-
struct the complete molecule of vitamin B, frcm ils thiazol part; the mutant
of Neurospora crassa obtaincd by D Taum by means of ulira-violel ra-
diation and having lost the ability of synthetizirg vitamin thiazol; aud
finidlly the classical test-object for vitemin B, (or, to bo more precise; for
vitamin thiazol 4 pyrimidin)—Phycomjces nitens. o

" "The tests were arranged as follows.

"Reader’s syntheuc agar mcdium was pourcd out into high Kcch dishes,
and after its Goohng it was secded all over with the test culture. After this
ihe d1shes Wore placed up91de dcvm ard sever al drcps ci a v»atcr soluhon
on’the inner surface of the lid of he dish. Into lho conh ol d]ﬁhes nzsi"i‘a’d
of ‘thiazol we introduced scveral drops of waler. DR '
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In a number of tests 250-ml flasks with agar were used instead of Kol
dishes, The flasks after Ueir sceding with o microbial suspension were also

overturned. In these tests the thiazol solution or the water was introduced

'u;l.n the neck of e flask in small dishes placed on the inner side of the cotton
plug,

Finally. with Endowypees Magnusii we arranged a test on Reader's liguid
medium which was acrated by means of sterile air hblown through it. Before
entering the medinm the air passed through a water solution of thiazol. then
through sn emiply sk, s0 as Lo exclude the possibility of drawing into the
medium finest droplets of the thiazol selution.

OF course, our experiments iny ol ed also a similar control system. inwhich
theair used Tor the aeration of the mediom in control Lests was drawn through
water instead of the solation of vitamin thinzot

Al the bests gave similar results. The growth of Endomycrs Mugnusii
m the Koch dishies with vitamin thiszol produced after 3 days of cultiva-
o a vield of 2.5 g per 10 standard dishes, while the vield of 10 control
dishes reached only 1. The vield of the same organizm in the Yquid medium
of Reader with acration by air drawn theough a thiazo) solution was 400 mg
1 200 1l of the medinm, and in the control in which the air had been drawn
through water, 30 myg. /. e. one tenth of the test yield.

It has beew demonstrated in a study published earlier by one of us (?)
that fndomyees Magnusic. when developing in media 1o which vitamin
thiazol had heen added. was able to synthetize great amounts of vitamin B,
andd to accumulate this vitwmin within its cells. Such supersynthesis and
accumulation of vitamin B, is accompanied by a functional and morpholo-
gieal reconstruction of the cells to an anacrobiotic patlern even under aero-
bral comditions of existenee,

The anacrobiotic type is morphologically characterized by a length and
size inerease of the colll by an aceumulation of glyveogen and volutin within
i, and by a sperial stencture of its chondriosomic apparatus (its marked
hypertrophy). Funetionally the anaerobiotie type s distinguished by its
imereased fermentative ability, by the formation of :u-ulu-uth)"lh: ether and
by the acceumulation of cocarbosylase and vitamin B, in the cells. This
functional and morphologic response of Endomyers Magnusii to vitamin B,
(or vitumin thiazol) Js, as our investigation has shown, strictly specific
and is detectable already al snch low concentrations of the substances as

L1007,

AW these characteristic properties of the anaerobiotic type were found
to existoan the cultures of FEndomyees Magnasii which hoad been grown over
evaporating solubions of vitamin thiszol, while the control cultures con-
sistedd of typieal acrobiotic cells alone,

The decisive proof of the ntihization of yitamin thiazol from the air
by the cells ix supplied by the results of the quantitatiy e determination
of vitamin B, performed by us.

While i the control enttures of Evdomyces Magnusii cudy traces of vita-
min B, could he detected, the rultures which had been grown in the presence
of evaporating thiszol conlained 60 - 80 micrograms of thix vitamin per
o of dey weight., Consequently. vitamin thiazol absorbed from the air

.'): }
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is atilized by the organism for building up the entire molecule of vitamin B3,.
. Similar results we have obtained with the other two organisms tested,
the thiazol-deficient mutant of Newrospora crassa and DPhycomyces nilens,
the growth and development of which are powerfully activated by cvaporat-
ing thiazol, i the other component of vitamin 133, (2-methyl-d-hrome-
methyl-6-aminopyrimidin) is present in the medium,

The molecule of vitamin B, is, as we know, unstable and casily disinte-
grates dividing into its thiazol and pyrimidin parts. This process takes
“place under natural conditions, both when vitamin B, 1s assimilated and
decomposed by various organisms and when organic matter containing this
vitamin is decompoused. In these cases a part of vitamin thiazol finds its
wav into the soil in the shape of a water solution, while another pari
of it may be evaporated into the air and be utilized by other organisms for
the hiosynthesis of vitamin B,

I carlior we knew various volatile compounds which are readily assimi-
lated by microorganisms for their plastic and cnergelic processes, now we
have alrcady grounds Lo add to their number biocalalytic substances as well.

Il scems to us that the strictly specific responses of Lthe microorganisms
Lo vitamins and similar biologically active snbstances may be applied with
success for the detection of infinitesimal concentrations of these substances
not only in liguid media but in theair as well, AL the same time the volati-
bity of vitamin thiazol discovered by us emphasizes how cautiously labo-
ratory biological tests with substances of this kind should be conducted.

We arc al prosent investigating the possibility of the propagation of cenlire
vitamin B, molecules and of the molecules of other vitamins through the
air as well as that of their exerelion by plants.

Institule of Microbiology. Received
Aecademy of Seienecs of the USSR, 18, TV. 1946.
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EXPERIMENT AL MORPHOLOGY

ON THE QUESTION AS TO THE EXISTENCE OF THE «NERVE» LAYER
OF TIE LCTODERM - °

By T. DETTLAFTL
( Communiceted by I. I. Schmalhausen, Member of the Academy, 21. 1T, 1546)

1 have earlier reported on the results of experiments devoted to the study
of theresponse of the cctodermal layers of Anura totheinductive action of the
chorda-mesoderm (). It was found that they respond in different ways, form-
ing respectively the external and internal layers of the ncural plate, However,
the experimental animals had B ,
been fixed at early slages of
development, and it was dif-
fieult to judge of the Turther
differentiation of their deri-
vatives. On the other hand,. .
we find in the literature on
theguestion contradictory da-
tareported bySchechtinan (3),
which I‘intend Lo discuss in
some detail a little later. All
this made a further investiga-
tion .of the problem desirable.

For this purpose “the {ol-
lowing experiment was arran-
ged. An arca of the external
layer of the cctoderm was ta-
ken from the region of the . Vig. 1.
presumptive neural plate and .
of the presumptive epidermis of a [lana esculenta embryo at the stage
of early gastrula and transplanted on to the denudalted clhiorda-mesoder-
mal layer of the neurula of the axolotl, in which the area of its neural plate
had preliminarily been eliminated. In another experiment we transplanted
on Lo the denudated chorda-mesodermal layer of the axolotl embryo the
corresponding internal layer of the ectoderm of R. esculenta. The experiment
was consequently a xenoplastic one. Besides the combination Amblystoma
punctatum—Rana esculenta, it was repeated also with the combinations
Triton taeniatus—Bufo viridis, Amblystoma punctatum—Rana arvalis and
Triton taeniatus—R. arvalis.

The embryos were kept growing as long as possible. The adjoined figures
represent one of the most successful instances, in which the embryos survived
for a long time. Fig. 4 represents an embryo towhich the external layer of the
cctoderm was transplanted. Abovethechordawe see a thin-walled vesicle with
an epithelial cover and a few nerve cells at its inferior surface. It should
he noted that in the places where there are nerve cells, the external layer
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shows no epithebial structure. s diferentintion seems Lo changein the pre-
sence of nerye colis, The same is visible inthe experiment involving the sub-
stitubion of the external laver ¢f B esenlento Tor the external layer of the nens
pal plate of B temporaric (*): the cells of the external layer penetrate intothe
thick of the watl of the neural tabe and Torm retort-shaped ependy me-tike cetts,

Fig. 2 represents w control experiment i which the corresponding inter-
nal laver of the cctoderm of an carly gastrula had been implanted on the
chorda-mesodermal laver of the wearnia ol an axoloth, A compact mass of
nerve Lissue was formed from the graft. b spite of the Tact that this grafl
corresponds by its position Lo the medulla, it does not show the stroclure
typical of the medilla  a large vavily wilth,a thin-walled epithelial cover.
But the cavity is absent not i the total fength of the gralts ina mmmber

of seetions we find a smatl cavity
of an irpegrdar contour and aty-
preal shape.

IFig. 3 represenls a secbion
of the same embryo at a level
where part of the nervous sysbem
is constituted hy the tissue of
the host. and another part, by
the gralt, The difTerence between
tie bissnes of the axolotl and
of Lhe Trog is distinetly visible.
they differ sharply boih in Uhe
size of the nocler and i the
intensiby of staining. Thus, thix
experiment shiows with greab de-
monstrativeness that the isolat-
e external layer forms under
the influence ol Lhe indoclive
action of Lthe chorda-mesoderin
a thin-walled tube containmg

Fig. . both an epithelial wall and
small  quantity of nerve cells.
while the internal layer fornis a mure or ess compack mass of cerebral tissue.

As to the few nerve cells ferming after the transplantation of the external Tayers

one can think that they might have avisen frem asmall number of eells ofihe

internal layer transplanted together with the external layer. OF cowrse.

one cannot be absolutely certain of this, We had the occasion Lo observe o

similar phenomenon when isolating the external tayer of the rudiment of the

chorda (*); amidst the epithelial tissue ndividual chordal cells made thew
appearance in some of the cases. I this case, however, there can be nodouht
about the aceidental introduction of some cells of the inbernal layer.

Ab earlier stages. the transplanted external layer formed a thin or a
thicker epithelial wall. In one case the transplanted external layer did nol
soalesee harmoniously with 1he hoest organism and il formed a thin epithe-
tial layer under the epithelium and around the cerebrum, ¢. e. it showed an
obvious tendency to epithelize the underlying tissues. The internal layer
produced in cvery host emhryo a compact and voluminous area of cerebrat
tissue. Special interest shonld he attached to one case in which the transplan
ted internal layer has not been oyergrown by (he host’s epithelium; its sor
face acquired the Lypical structure of epithelinm and it covered mot only
the arca of the defeet but a larger arca overlapping the surface of the host's
nervous system. In one of the experiments we lransplanted on to the chorda-
mesodermal layer the internal Jayer of the chorda region irstead of the inter-
nal layer of the ectoderm. In seciions from this case we see clogse to the
chorda of the host anothee chorda developed from the graft-—no transforma-
tion of the chorda into nervous Lissue has oceurred.

D78
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The vesulls of the experiment described abov e eoineide with those of the
experiment with the separation and transplantation of the layers of the neural
plate at the stage preceding the formation of the nearal groove, when its de-
termination has alveady taken place hut its rolling-up into a tube has not
yet hegun. A

It Tollows thit the result does not depend on whether the deternination
ol the layers of the ectodermn takes place when they are isolated from one
another, or when they are joined. art of these experiments have already
been published (). T shall report here on additional experiments involving
the separation of layers of the medulla, The Lechnique of these experimoents
was the same as the onereported
m regard Lo the eye (7); the
test-object used was Bufo oiridis;
stage, late gastrula—carly neu-
rula; site of transplantalion, the
pharyngeal cavity of the embryo
al the stage of carly caudal bud
or superficially, on to the side of
the embryo at the stage of carly
neurula. When we transplanted
the internal Jayer, (here dave-
loped a cerebral tissue, compact,
or often with an atypical cavi by
arising as a rosult of regulation
(40 tests). In the cases where (he
graft had heen transplanted on
to the ven'ral side sometimos
ear vesicles were induced (in 1
embryos).

When we transplanted the exte

avesicle, one part of the wall of which showed an epithelial structure, while
the other represented thin-walled cerchrum. The quantity of cerchral tissue
in these cases varied from an almost tolal absence of it Lo an almost typical
cerchrum. The last should he regarded as being due to deficjent experirmoen-
Lation. What is important is (hiat, in several cases we obtained neuro-epilhe-
lial hollow vesicles containing scanly nerve cells. In 8 cases the transplan-
ted external layer remained in (ho composition of the cover epithelium diffor-
ing in nolhing from it. In 2 cases there Jies undor it a very small group
of nerve cells. Ear vesicles were not induced by transplantation of tho exter- .
nal layer. Finally, in 2 of {he cases in which (ransplantation {ook place
on the pharyngeal cavily, a complete separation of the epithelial and nervous
parts occurred: an epithelial vesicle, free of any nerve cells lies in the pha-
ryngeal cavily, while a small group of nerve cells form a plot of cerebral
tissue in the wall of the pharynx. I must remind 1he reader I an analogous
phenomenon ohserved after (ho transplantation of the layers of the chordal
rudiment, when the epithelial part remained within the pharyngeal cavity,
while the chordal eolls lay within the wall of {hoe body (%) o
It should not be let out of consideration {hat it mu
ficult to achieve a complele separation of {he layers of
the cctoderm in Bufo viridis than in ¢, ’
raria, since i (he experiments with the rudiment of ihe chorda, when we iso-
lated the external layer, most.of the mixt cases (epithelium + chorda) belon-
ged to those performed on f, eiridis. We did not succeed in completely sepa-
raling the layers of {he heural plate in it within the Jimits of the cye rudi-
menl either. Thus, ihe more arduous experiment on an inductive aclion
on 1solaled cclodermal layers may be ‘substituted by the experiment

w[it-h the separation of (o layers of an already determinated neural
plate.

real layer in a nanbor of cases there arose

st be much more dif-
the neural plate or of
& llana esculenta or Rana tempo-
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Let us return now to the experiment reported by Schechtman (2), which .
i1 ils idea is analogous to mine, Seherhtinan compared the results of induv- ’
tive acltion on ectoderm without its internal layer with those on unimpaired 3
ectoderm. For this purpose Lie exeised a fragment of cetoderm from Hylu
at the staze of Jate blastula. dissected 1t parallel Lo the surface and eliminat-
od the internal part. The external part with some cells of the internal layer
adhering to it (as Schechiman himselfl emphasizes. the separation was
ineomplete) he suprrimposed  on the dorsal  lip of another gastrula.
After their coalescenre the area of artificially thinned ectoderm Htogether
with the underlying chorda-mesoderm was reimplanted at its former site
in the gastrula. and the embryo was allowed to perform the processes of gast-
rulation and neuryglation. In the control tesl an area of the dorsal lip
wax made Lo coalesce with unimpaired ectoderm. In both sets. growih of the e
nervous system was obtained in an equal percentage of cases and without 7
any delay. However, such a resnlt had tobe expected. since the elimination '

_of the cells of the internal layer was incomplete. On the other hand, in the
‘ course of the transplant ation of the area tested back on to the gastrula the
author was unable to exclude the bringing in of the cells of the internal layer
from the surronnding ectoderm. Finally, eventhe external laver alone should
show under the inductive action of the chorda-mesoderm the phenomenon
of induction, the charactoristic clongated vells conld be produced and their
closing together to form a tube would he achieved. However, this nervous
system would be imperfect. The suthor seenis not to have considered this
~omplex character of the formation of the neural plate (°) in the Adnura,
al loast-he does not make any note of it

On account of what has been said abuve. the resulls of my experimenis
secmn wore conclusive and allow me to speak of the internal and external
lavers of the ectoderm possessing  different form-building potentialities,
the terming of the internal layer a nerve layer acquiring an additional justi-
ficalion in these experiments. In spite of that in the Anura both layers of
ectodertn participate in the formation of {he nervous system, the main mass B
of nerve tissue originstes from the internal layer. The external layer takes

an active part in the formation of the cavity of the cell Jayer paving b, i
it furms the epithelial cover of the vercbrum and the bas.zﬂ plate. There 1= ;
little probability of the formation of neoroblasts from H. c o
The A. N. Sewertzov Institute Received
of Evolutionary Morpho\ogg. 21, 111, 1946
Academy of Sciencis of the U =1 1
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